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ABSTRACT

Theory and research regarding four levels of concept attainment
and three uses of concepts as specified by the conceptual learning and
development (CLD) model are described. The strategy and objectives of
a longitudinal assessment of children's conceptual learning and develop-
ment are presented. Perspective is provided regarding the role of
Cross-sectional investigations in the longitudinal assessment; design
and results of the first cross-sectional research are reviewed.

For this study, the second in the cross-sectional geries, assess-
ment batteries were developed to determine each child's level of
concept attainment and also the related use of the concepts equilateral
triangle, cutting tool, noun, and tree. Batteries were designed as
paper-and-pencil tasks and were administered to from 309 to 313 children
(depending on assessment battery) enrolled in each of four grades:
first, fourth, seventh, and tenth.

Predictions based on the model about children's conceptual develop-
ment were strongly supported across concepts:

1. The concepts were attained in an invariant sequence according to
four successive levels: concrete, identity, classificatory, and
formal.

2. As the concepts were attained at higher levels, they were used
increasingly (a) in cognizing supraordinate-subordinate relation-
ships in a hierarchy where the attained concept was an element of
the hierarchy, (b) in understanding principles that stated a
relationship between the attained concept and one or more other
concepts, and (c) in solving problems that required the use of the
pParticular concept.

3. Having the labels of the concept and of its defining attributes
facilitated (a) attainment of the concept and (b) mastery of the
three uses of the concept.
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various disciplines. Thus, concept is used appropriately in two
different contexts just as many other English words are. A concept
is defined as ordered information about the properties of one or
more things--objects, events, or processes-~-that enables any partic-
ular thing or class of things to be differentiated from, and also
related to, other things or classes of things.

In regard to concepts as mental constructs, it is noted that
maturing individuals attain concepts according to their unique
learning experiences and maturational pattern. In turn, the con-
cepts that are attained are used in an individual's thinking about
the physical and social world.

Concepts as public entities are definsd as organized information
corresponding to the meaning of words. Carroll (1964) related con-
cepts, words, and word meanings in the following way. Words in a
language can be thought of as a series of spoken or written entities.
There are meanings for words that can be thought of as a standard
of communicative behavior that is shared by those who speak a
language. Finally, there are concepts—-that is, the classes of
experiences formed in individuals either independently of language
processes or in close dependence on language processes. Putting the
three together, Carroll stated: “A 'meaning' of a word is, there-
fore, a societally standardized concept, and when we say that a word
stands for or names a concept it is understood that we are speaking
of concepts that are shared among members of a speech community
{1964, p. 187]1."

At the inception of a large programmatic research effort deal-
ing with concept learning and instruction, Klausmeier, Davis, Ramsay,
Fredrick, and Davies (1965) formulated a conception of concept in
terms of defining attributes common to many concepts from various
disciplines. Klausmeier, Ghatala, and Frayer (1974) further refined
the definition by specifying eight attributes of concepts: learn-
ability, usability, validity, generality, power, structure, instance
numerousness, and instance perceptibility. Other researchers and
subject-matter specialists are also treating concepts in terms of
defining attributes. For example, Flavell (1370) indicated that a
formal definition of concept in terms of its defining attributes
is useful in specifying what concepts are and what they are not and
also in idantifying the great variability among concepts. Markle
and Tiemann (1969) and Tennyson and Boutwell (1971) have shown that
the external conditions of concept learning can be delineated
through research that starts with a systematic icentification of
the defining attributes of the particular concepts used in the
research, Scholars at the Wisconsin R&D Center demonstrated that
analysis of concepts in terms of their defining and variable attri-
butes is useful in clarifying the meanings of the concepts drawn from
four disciplines: language arts—--Golub, Fredrick, Nelsnn, and
Frayer (1971); mathematics--Romberg, Steitz, and Frayer (1971);
science--~Voelker, Sorenson, and Frayer (1971); and social studies--
Tabachnick, Weible, and Frayer (1970).

The CLD model deals primarily with concepts represented by
words that can be defined in terms of attributes, although some
concepts are defined on other bases, including synonyms and
antonyms. Further, not all words potentially definable in terms
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of attributes are so defined, even in unabridged dictionaries.
Therefore, the researcher and also the developer of curriculum
materials must ascertain the defining attributes independently or
ccoperatively with scholars from the various disciplines.

AN OVERVIEW OF THE CONCEPTUAL LEARNING AND DEVELOPMENT MODEL

Figure 1 shows the structure of the model. Four successively
higher levels in the attainment of a given concept are outlined. The
four levels are concrete, identity, classificatory, and formal. as a
concept is attained by an individual at the successive levels it be-
comes increasingly usable and valid, as defined earlier,

A secc:id part of Figure 1 shows the ways in which concepts may
be extended and used. Concepts acquired at only the concrete and
identity levels can be used to solve simple problems that require
only the relating of obvious Sénsory percep! sns. For example, to
save time or for some other reason, children may walk diagonally
across a rectangular block rather than reémaining on the sidewalk
and waiking around a corner of the black, They need not have attained
the concepts of distance, angle, diaqonq&, or svraight line at the
classificatory level,

Concepts acquired at +ie classificatory and formal levels may
be generalized to newly encountered instances, related to other con-
cepts, and used in problem-solving situations. Here we are concerned

concept at each level. Attending to and discriminating cbjects and
then remembering what was discriminated are involved in attaining a
concept at the concrete level. fhe same Operations are also in-
volved at each subsequent level and are supplemented with the higher-~
level operations of generalizing, hypothesizing, and evaluating.

Although some of the same operations are postulated to occur
at various levels, what is operated on and remembered changes with
the attainment of the successively higher levels. That is, the
Operations are carried out on more sharply differentiated and ab-
stracted stimulus Properties at the four successive levels.

By focusing on the attainment of successively higher levels of
the same concept, we are able to clarify the short-term learning
conditions at each level and to describe conceptual development
over long time intervals, Thus, the model provides a basis for
organizing knowledge and carrying out research related to both the
external and internal conditions of learning at each of the four

formal level, The broken lines indicate that an individual may
acquire the name at about the same time he first attains the con-
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not the concept name. The younger the children are when they attain
the concept, the less likely they are to have the name for it.

At this time, we shall delimit the substantive domain that we
are treating. The model in its totality describes the four levels
of concept attainment and uses of the same concept rather than each
of four kinds of concepts. The four levels apply to the many con-
cepts that are or can be defined in terms of attributes and which
have actual perceptible instances or readily constructed representa-
tions of instances. We have already cited a few examples of this
kind, including all the concepts comprising the plant kingdom and
the animal kingdom. However, the operations at each level are in-
tended to be applicable also to different kinds of concepts, some
of which, because of their nature, are not attainable at all four
levels. We can specify these kinds of concepts and the levels at
which they can be attained.

There are some concepts for which there is cnly one instance,
such as the earth's moon and Abraham Lincoln, and some that have many
identical instances, for example, inch and pound. Related to Figure
1, such single-instance or identical-instance concepts which have
defining attributes can be attained at the concrete, identity, and
formal levels, but not at the classificatory level. By our defini-
tion of classificatory level, there must be at least two nonidentical
instances that can be placed in the same class. Therefore, some con-
cepts cannot be attained at the classificatory level.

Other concepts are of such low validity that there may not be
agreement as to their defining attributes, for example, beauty and
morality. Concepts such as these might be learned at the three lower
levels but not at the formal level.

Finally, there are concepts with no perceptible instances, such
as infinity and atom. These cannot be learned at the three lower
levels but might be learned at the formal level.

Returning to the four levels given in Figure 1, we postulate
that attaining a concept at the four successively higher levels is
the normative pattern for large numbers of individuals under two
conditions. First, the concept is of the kind for which there are
actual perceptible instances or readily constructed representations;
and second, the individual has experiences with the instances or
representations starting in early childhood. Furthermore, in order
to proceed to the formal level, individuals must acquire labels for
the concept and for its attributes. For example, the individual
will have successively attained the concrete, identity, and classifi-
catory levels of the concept plant before he describes and treats
plant formally in terms of its defining attributes.

Children have direct experiences during preschool years with
many things and attain concepts of these things at the first two
ievels. They also attain many concepts at the beginning classifi-
catory level and learn the societally accepted names for the concepts
and their attributes through formal and informal instruction.

Earlier we indicated that some individuals, because of environ-
mental conditions, may not encounter actual instances of a concept;
rather, they experience instances only in verbal form. Thus, these
individuals may attain a concept at either the classificatory or
the formal level at the outset. It is also noted that the mature
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person, although capable of attaining a concept at the formal level,
may stop at-a lower level of attainment because of the way in which
the perceptible instances are encountered or otner conditions of
learning.

OPERATIONS RELATED TO LEVELS OF CONCEPT ATTAINMENT

Having considered the overall features of the model, we may take
up the operations in more detail, starting with those pertaining to
the concrete level.

Concrete Leveil

Attainment of a concept at the concrete level is inferred when
the individual cognizes an object that he or she has encountered on
a prior occasion. We use the term "operations" as Guilford (1967)
does. Guilford has defined the operations of cognition, memory,
productive thinking, and evaluation in terms of test performances.
He stated that cognition must be related to the products cognized
and he formally defined cognition as follows:

Cognition is awareness, immediate discovery or rediscovery,
or recognition of information in various forms: comprehen-
sion or understanding. . . . The most general term, aware-
ness, emphasizes having active information at the moment
or in the present. . . . the term, recognition, is applied
to knowing the same particular on a second encounter . .-
if cognition is practically instantaneous, call it recogni-
tion; if it comes with a slight delay, call it "immediate
discovery" [pp. 203-204].

The first step in attaining this level is attending to an object
and representing it internally. Woodruff (1961) pointed out that:

All learning begins with some form of personal contact
with actual objects, events, or circumstances. . . . The
individual gives attention to some object. . . . Through

a light wave, or a sound wave, or some form of direct con-
tact with a sensory organ in the body, an impression is
picked up and lodged in the mind [p. 66].

Gagné (1970) indicated that as individuals attend to an object,
they discriminate it from other objects. Woodruff (1961) called
the outcome of these attending and discriminating operations a
concrete concept, a mental image of some real object experienced
directly by the sense organs. The infant, for example, attends to a
large red ball and a white plastic bottle, discriminates each one,
maintains a mental image of each, and cognizes each of the objects
when experienced later,
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The discrimination of objects involves attending to distinctive
fratures that serve to distinguish the objects from ope another.
Thus, children learn very early to respond to gross differances in
such features of objects as size, shape, color, and texture. As
~hildren mature, they become capable of making finer discriminations
involving these and other features.

The attainment of a concept at the concrete level thus requires
attending to the distinctive features of an object and forming a
memory image which represents the object as a unique bundle of
features. The concept at this level may or may not be associated
with the concept label, depending on whether the label has been
learned and remembered, and whether it has been associated with the
concept.

The preceding analysis of the operations in attaining concepts
at the concrete level is sufficiently comprehensive to include motoric
experiencing of objects. That is, an object may be manipulated
vhysically and represented enactively, as well as explored visually
and represented iconically, to use Bruner's (1964) terminology. The
model postulates that attending, discriminating, and remembering are
involved in sensorimotor experiencing, to uyse the terms of Piaget
(1970), as well as in the visual perception of objects.

Identity Level

Attainment of a concept at the identity level is inferred when
the individual cognizes an object as the same one pPreviously encoun-
tered when observed from a different perspective or sensed in a dif-
ferent modality. For example, making the same response to the family
poodle when seen from straight ahead, from the side, and from various
angles is evidence of the child's having attained the concept of
poodle at thr2 identity level. Whereas Concept attainment at the
concrete level involves only the discrimination of an object from
other objects, attainment at the identity level involves both dig-
Ccriminating various forms of the same object from other objects and
also generalizing the forms as equivalent, Generalizing is the pew
operation postulated to eémergeé as a result of learning and maturation
that makes attainment at the identity level possible.

As noted earlier, there are some valid and powerful concepts,
such as the English alphabet, for which there is only one instance
but which can be repregsented in different ways, e.g., aurally and
in printed form. fThese concepts are typically learned at the con-
Crete and identity levels but not at the classificatory level.
Therefore, individuals proceed directly from the identity to the
formal level with this kind of concept.

Bruner, Goodnow, and Austin (1956) have pointed out that identity
résponses occur very early in life and that the capability to recog-
nize identity may be innate and merely extended to new events through
learning. Vernon (1970) indicates that infants have to learn by
experience that objects and events in the environment are permanent
even though they may change their appearance from time to time as
their distance and orientation changes. Clearly, the capacity to
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recognize identity, indeed the expectation of the continuity of
objects and events in the environment, is well developed in the
perception of adults.

Recognition of object identity is central to Piaget's formu-
lations. According to Elkind (1969), Piaget's conception of con-
cept emphasizes the variability that occurs within things--changes
in state, form, and appearance which can occur to any entity.

Elkind pointed out further than American psychologists have
tended to ignore this within-instance variability of concepts and
have emphasized the discriminative response aspect of concept
attainment by which positive instances are cognized and discrimi-
nated from noninstances. Elkind summarized the two points of view
thus:

From the discriminative response point of view, the

major function of the concept is the recognition or
classification of examples. The Piagetian conception,
however, assumes that a major function of the concept

is the discrimination between the apparent and the real.
This discrimination, in turn, can be reduced to the dif-
ferentiation of between- and within-things types of vari-
ability. Here again, a comprehensive conception of a
concept must include both functions because, in fact,
every concept does serve both purposes [1969, p. 187].

The present model proposes that a concept is attained at the
identity level temporally before it is attained at the classificatory
level. Stated differently, persons must be able to cognize various
forms of the same objects as equivalent before they are able to
generalize that two or more different objects belong to the same
class.

Classificatory Level

The lowest iavel of mastery at the classificatory level is
inferred when individuals respond to at least two different instances
of the same class as equivalent, even though they may not be able to
describe the basis for their response. For example, when children
treat the family's toy poodie and the neighbor's miniature poodle as
roodles, although they may not name the attributes of poodles, they
have attained a concept at the classificatory level.

While generalizing that at least two different instances are
equivalent in some way is the lower limit of this level of concept
learning, persons are still at the classificatory level of concept
learning when they can correctly classify a larger number of in-
stances as examples and nonexamples, but cannot accurately describe
the basis for their grouping in terms of the defining attributes.
Henley (cited in Deese, 1967), like many other researchers, has
observed this phenomenon. Many of her subjects were able to sort
cards correctly into examples and nonexamples of the concepts being
learned, yet gave totally erroneous definitions of the concepts.
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Formal Level

A concept at the formal level is inferred when the individual
can give the name of the concept, can discriminate and name its
intrinsic or societally accepted defining attributes, can accurately
designate instances as belonging or not belonging to the set, and
can state the basis for their inclusion or exclusicn in terms of
the defining attributes, For example, maturing children demonstrate
a concept of dog at the formal level if, when shown dogs, foxes, and
wolves of various sizes and colors, they properly designate the dogs
as such, call them "dogs," and name the attributes that differentiate
the dogs from the foxes and wolves. The distinctive aspect of this
level of concept mastery is the learner's ability to specify and
name the defining attributes and to differentiate among newly en-
countered instances and noninstances on the basis of the presence
Or absence of the defining attributes.

As noted in Figure 1, the labels for the concept and the defin-
ing attributes may be learned at any of the three lower levels, but

© are not essential at those levels. Similarly, the discrimination

of the defining attributes may occur prior to the formal level, but
this is not essential. Thus, discrimination of things on their
global and diffuse stimulus properties which is essential at the
concrete level changes to discrimination of more specific and
abstract properties at the identity and classificatory levels.
However, at the formal level the individual must be able to dis-
criminate and label all the defining attributes of the concept.

The operations involved in the learning of concepts at the
formal level are also shown in Figure 1. The first operation given
at the formal level is that of discriminating the attributes. As
already noted, for some concepts with obvious attributes such as
color and form, the discriminations may have occurred at earlier
levels. However, making the discriminations and having the labels
for the attributes are both essential at the formal level. fThis is
true whether the individual infers the concept by hypothesizing and
evaluating relevant attributes or cognizing the attributes common
to positive instances, as shown in Figure 1,

Individuals differ in their ability to analyze stimulus con-
figurations into abstract dimensions or attributes. There is
evidence (Gibson, 1969) that this ability develops with age.
Retarded children may have difficulty with simple concept learning
tasks because of the difficulty in learning to select out and
attend to specific dimensions (Zeaman & House, 1963). Even among
children of adequate intelligence, there are those who character-
istically analyze the stimulus field and apply labels to attributes
while others tend to categorize on the basis of a relatively undif-
ferentiated stimulus (Kagan, Moss, & Sigel, 1963).

Orienting instructions may be given to make explicit the attri-
butes of the stimuli (Klausmeier & Meinke, 1968). These instructions
facilitate the learning of concepts at the formal level by assuring
that the learner knows all of the attributes that may be relevant
to the concept.
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Having (iscriminated and named the attributes, an individual
may infer the formal level of a concept inductively in either of
the two ways shown in Figure 1. One way involves formulating and
evaluating hypotheses and the other involves cognizing the common
attributes in positive instances. Which strategy a learner uses
depends on the instructions he has been given, his age, and the
kind of cuncept instances he experiences.

Levine (1963) defined a hypothesis as the subject's prediction
of the correct basis for responding. In the hypothesis-~testing
approach, learners guess a possible defining attribute or combina-
tion of attributes. They then compare this guess with verified
examples and nonexamples of the concept to see whether it is com-
patible with them. If the guesses are not compatible, they make
another guess and evaluate it against further examples and non-
examples. Eventually, they combine the information they have
obtained from testing their hypotheses so as to infer all the
defining attributes and thereby the concept.

Essential to the hypothesis-testing approach are the operations
of remembering and evaluating hypotheses. There is support (Levine,
1963; wWilliams, 1971) for the idea that the subject formulates and
remembers a population of hypotheses, :remembers the hypotheses
that were rejected, and also remembers the last one accepted as
correct. In connection with evaluating hypotheses, Bruner, Goodnow,
and Austin (1956) indicated that individuals determine whether or
not their hypothesized concepts are valid by recourse to an ultimate
criterion, test by consistency, test by consensus, or test by af-
fective congruence, Inherent in all four procedures is establishing
a criterion for judging the correctness of a hypothesis. 1In the
present model, the validity of an individual's concept may be
assessed in terms of how nearly it corresponds to expert agreement
concerning the concept. Our experiments have shown that instruc-
tions to subjects which include a decision rule for evaluating
hypotheses facilitate concept attainment.

The operations involved in the hypothesis-testing approach to
inferring concepts appear to characterize individuals who cognize
the information available to them in laboratory and classroom set-
tings from both positive instances (examples) and negative instances
(nonexamples). These ind.viduals apparently reason like this:
Instance 1 has land surrounded by water. It is a member of the
class. 1Instance 2 has land but is not surrounded by water. It
is not a member of the class. Therefore, lands surrounded by water
belong to the class and lands not surrounded by water do not. Sur-
rounded by water is a defining attribute of the concept. This
individual has attained a partial but accurate definition of the
concept based on experiences with only one positiv: and one nega-
tive instance.

A second inductive way of inferring the concept is by noting
the commonalities in examples of the concept. The commonality
approach is used more often than the hypothesizing approach by
children, apparently because they are either incapable of getting
information from nonexamples or because they cannot carry out the
hypothesizing and evaluating operations (Tagatz, 1967). The
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commonality strategy is the only one possible when only positive
instances of the concept are available.

Our model is considered appropriate for learning conceptg at
the formal level by a didactic method of information presentation
as well as an inductive one. That is, concepts may also be learned
at the formal level deductively.l Many upper elementaxry, high
school, and college students are given the names of concCepts and
their attributes, verbal definitions, verbal examples, and Verbal
nonexamples but no actual instances of the concepts. To learn the
concept initially they must assimilate this information, remember
it, and be able to use it in evaluating examples and nonexamples
of the concept as shown in Figure 2. When learners have attained
a concept initially through this kind of didactic instruction,
they are able to use the concept to identify new examples and
nonexamples with which they have had no prior experience. The
basic operations entailed in this identification of newly eNcountered
instances are hypothesizing whether the instance does or does pot
belong to the concept and evaluating the hypothesis in terms of
the defining attributes that were given in the definitjon. Pre-
requisite to these two operations are discriminating the attriputes
Of the concept and knowing their labels. All of these axe listed
in Figure 1 as part of the inductive strategy. Thus, when digactic
instruction is used, the learner must hypothesize and evaluate re~
garding examples and nonexamples in order to use the r.»wly learned
concepts,

ACQUIRING APPROPRIATE LABELS

The importance of language in concept learning is widely
acknowledged by American (Bruner, 1964) and Russian (Vygotsky,
1962) psychologists, Having the labels of concepts enables ingi-
viduals to think in symbols rather than in images and to attain
other concepts through language experiences in the absence of per-
ceptible instances. Carroll (1964), as noted earlier, has outlined
the close relationshing among concepts, meanings, and words. How-
ever, the purpose here is not to deal with the relationghips between
language and concept learning, but to show at what points labels
may be learned and associated with the various levels of conCepts,

Figure 1 indicates that a concept label may be associated with
an instance of the concept at any of the four levels--concrete,
identity, classificatory, or formal. For example, Billy might
manifest a sequence like this: Billy first encounters g dog.
Billy's mother points to the dog and says "dog." Billy then says
"dog," and associates the name with his concrete concept of the
dog. Next, Billy develops the concept of the same dog at the
identity level through experiencing it in different locations
and situations. His mother repeats the name at various times

1 ., . .

In explaining the model earlier, Klausmeier, Ghatala, and
Frayer (1974) subsumed the deductive operations under cognizing
the common attributes,
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Figure 2. Cognitive operations and Ciductive strategies of concept
attainment at the formal level,
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in the presence of the dog; Billy says the word repeatedly. The
word "dog" now coMeS to represent Bjl1ly's concept of the dog at
the identity level- subsequently, BillY encounters other dogs
and observes that they, too, are called "dogs.” He generalizeg
the different dogs as equivalent in some way and associates the
name "dog" with whaltever gimilarities N has noted. The word
thus comes to repr®Sent his class of thihgs called "dogs." At
the formal level, With greater matuxitys Billy discriminates and
learns the societally sccepted attribut®S of the class of things
called "dogs" and @lso jearns the name$ Of the attributes. Now
Billy's concept of dog approaches or beCWmes identical to the
societally accepted Qefipition of the Wworq "dog." As Carroll
(1964) pointed outs the concepts held bY individuals and the
meanings of the words yepresenting the “Oncepts are the same for
mature individuals Who ghare simi)ar cultyral experiences and the
same language,

In connection With language and colCept attainment, we recog-
nize that deaf individuals and others whO lack normal speech
development may attdin concepts at the £Orpal level. By our
definition, the indiviqual must know the defining attributes of
the concept and muSt be able to communicate this knowledge., Ver-
balizing is normallY ysed in this king ©f communication. Other
types of symbolic “OMpynication, for exAMple, sign language, may
also be employed. Sbeech, per se, is n® necessary for the attain-
ment of concepts, PUt gome means for symbﬁlizing and communicating
the concept in the @bgepce of examples iS necessary at the formal
level.

CONCEPT EXTENSION AND g1y 1ZATION

The individual Who nas formed 5 coPCSpt may extend and use it
as shown in Figure 1. ag noted eariier, Q concept attained only
to the concrete or 1dentity level nmay b¢ Wged in solving simple
perceptually based PFoblems. Concepts 1€arned at the classificatory
and formal levels can pe yged in generald®ing to new instances,
cognizing supraoxrdin@te.gypordinate relatiqng, cognizing cause-gnd-
effect and other reldtjops among conceptSs and in solving problems.

Ausubel (1963) and Gagné (1970) hav® theorized concerning the
use and extensjion of dttained concepts; h°Wever, very little
empirical research Nas peen done. In thiS regard Ausubel (1963)
formulated the const¥Qcts of cognitive st™cture, advance organijzer,
correlative subsumptiQn, and derivative SUhsumption to show how
previously attained ahq pewly encountered Qoncepts are rzlated,
while Gagné has indiCateq that attained €Ohcepts are prerequisite
to the learniny of rulgg,

Generalizing to New Ihatanceg and Discrimihating Noninstances
M—

The attainment ©f concepts at ghe cl@Ssjificatory and formal
levels reduces the neeq go, additiopal 1¢8%ning and relearning,
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" primarily because the individual is aple tO Jeneralize toO new in-
stances of a concept and to diSSTimjpste NONingtgpces. Having a
concept also provides indiwiduals wyep expectatjons which help

them deal effectively with pew 1NStapces ©f it, (nce persong
identify a plant as poison jvys they ireat it gingerly. One test

of concept attainment in our experilnents is the individual's apility
to properly categorize instance® Not ,reviOUSly gpcountered as in-
stances Or noninstances of the P3Ytjgylar CONcepty, We find that
both schoo) children and cplled®™ge studentS geperalize to pew
instances xeadily. Furtheymores the yge of instances and nonin-
stances in instructional materi?ls tg teach COncepts can be manipulated
so that errors of overgeneralizdtion 54 undexgeperalization can be
reduced (Feldman, 1972; Swapsons 1972).

Not only does having a con€®Bt gpaple learpers to identjfy new
instances and act appropriately tOwarg them, byt direct and verbal
experiences with the new instan®€s poggiblY increase the validity
and power of the concept for th® inqjyidudl. Foy example, the
Canadian visiting Kenya duying Ja"“&ry, when it jq summer there,
may attaln more valid and powerfYl eoncepts of fiower and plant.
similarly, by being told that 2 Whalg ig 2 Mammg ), an individqual
comes to realize that mammals ¢2P liye in the water as well as on
land. Hence, the individual’s ¢ONcept of MaMMa) has greater validity.

Cognizing Supraordinate-subordif@te Rejationshipg

Besides generalizing to ne¥ 1. stancess, indjyiguals can also use
their concepts attained at the £Ofmaj jevel, ang possibly at the
classificatory level, in cognizing Copordinate, supraordinate, and
subordinate relationships ampng Ctasges of thingg. The lowest level
of cognizing these relationshipS 1S jpferred whep persons, according
to verbal instructions, put inst®Nceg of coOnceptg ip their. proper
groups. For example, upon xequéS‘ pPersons Put g)] instanceg of red
and blue equilateral triangles and of right triangles in a grouping
of triangles, and all instances ©° tyjapgles anq of rectangles in a
grouping of polygonS. FurthexmoF®. they jUStify oach group formed
on the basis of the defining att* dutes of the grouyp. For example,
they state that equilateral txiaf9leg jpclude alj the triangles that
have three equal sides, triangl®® incjyge all the polygons that have
three sides, and polygons includ® al1 the closeq, planar figures
that have three or more sides. MO¥e precife terminology Might pe
required Such as "an equilatexal ttiangle is a simple, plane, closed
figure with three sides of equal 1&ngth_"

Possible higher levels of attainj,g the Supraordinate-copordginate~
subordinate relationships includ® Whay gofsky (loge) designated as the
"whole is the sum of the payts" 2P g e but not all." Again, merely
being able to group a few instan®®S properlY accorging to verbal in-
structions is not a Sufficient t®St of cognizing the sets of reja-
tionships; an adequate justjficatiOn g,, the aCtjions iS requireqd.
According to Kofsky (1966), xnowl€dge conceérning supraordinate-~
subordinate relationships inpcreases with age.
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The understanding of supraordinate~subordinate relationships
increases the validity and usability of the individual's concepts.
For example, knowing the attributes of acid and also knowing that
vinegar is an acid leads to the inference that vinegar has the attri-
butes of all acids, as well as the attributes peculiar to vinegar.
Thus all of the things known about acids--for example, how they react
with bases--are true for vinegar also. In this way, learning that
acid is a concept supraordinate to vinegar increases the validity
and usabjlity of the concept of vinegar for the individual.

Cognizing Other Relationships

There are other statements of relations between or among con-
cepts that are different from relations among supraordinate and
subordinate concepts. These additional statements, often termed
principles, have been classified by Klausmeier, Ghatala, and Frayer
(1974) according to the type of relation that is stated:

1. Cause and effect relationships are statements that may also be
expressed in terms of an "if-then" relationship. For example,
"tuberculosis is caused by the organism Myobacterium tuber-
culosis"; "contact with a hot stove produces a blister."

2. Probability statements are pPrinciples that express numerically
the likelihood of an event's Occurrence. For example, "the
pProbability of giving birth to a boy during any given pregnancy
is .52"; "provided the coin is fair, the probability of getting
a head on only one toss of the coin is .50."

3. Correlational statements describe a relation, often expressed
numerically, between two or more objects or events. For example,
"if height and weight are measured for a large number of people,
the resulting correlation between the two measures is around
.50"; "the incidence of lung cancer in women is increasing and
the number of women smoking cigarettes is increasing."

4. Axiomatic statements, the most inclusive type of principle, are
universally accepted, self-evident truths. Five subclasses have
been identified by Bernard (1975, in press): (a) fundamentals,
or principles essential to a science, religion, philosophy, or
art; (b) laws, or statements of relationship of phenomena that
always hold true; (c) rules, or principles in various subject
matter domains that prescribe Usage, procedure, or conduct;

(d) theorems; and (e) axioms, both of which are usually mathemat-
ical statements of a relation to be proved or already proved.

Marx (1970) has referred to cause~and-effect, probability, and
correlational statements as laws. Gagné (1970) has called these
same types of statements principles or rules. In discussing rule
learning, Gagné proposed two schemes for classifying rules. The
first, based on rule content, divides rules according to those in
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which the yule relates concepts and desi9nates ideas in contrast Yo
those in wpich the content functions to Quide the individual’s
response ip @ SPecific situation. The S€cond scheme of clagsifiCa~
tion for rples is pased on rule strxuctur@--either simple or comP}Qx.
The most simple ryjles consist of two conCepts, arranged in a chain,
in the formw "if 3, then B." Complex rules consist of a larger
number of concePts which are often abst¥act and require subtle
discriminations. )

Althoygh the yarjous types of statéMents that express relatiOng
among concepts have been classified in Slightly dj fferent ways bY
different experts, it is agreed that understanding these statements
is critical to thinking and reasoning. Understanding statements Of
cause and effect oy probability, for exaMple, enable the ipdividual
to predict conS€Quences from known conditions and to explajn newlY
encountered PhénOmena. Bruner, Goodnow, and Austin (1956) nave
pointed out that ypderstanding lawful relationships between or
among concepts P&rpits classes of thingS, rather than isolated,
individqual things, to be related. Gagné (1970) has suggested that
the structyrallyY simple rule "round things roll" is the kind of
rule youny children learn very early because it consists of con~
crete concepts having clearly perceptible instances. Once learn€d,
this rule enables the child to predict what will happen to all
spherical opjects ypder certain copditions, Or, consider the mor€
complex relationship; "When two substanceg at different tempera”
tures come jinto Contact, the temperatures of the substances tend
to equalize.” Thig relationship permits Us to infer what will
happen in such diverse situations as putting ice cubes in warm
soda pop ox being 1gst in a snowstorm.

In all cases, of course, being able to understand and yse a
lawful relationship is contingent upon knowing the concepts embeddeq
in the statement. only then can the rule or axiom or principle b€
understood and POssibly applied to approPriate phenomena.

Using ConceptS 1N problem—Solving Situations

Problem~SolVing ability is treated by Klausmeier (1975) as
one of the post Critical of all outcomes Of education; a person
who is capaple ©f sglving problems can learn independently. A
considerable amount of instruction is directed toward teaching
ctudents problem-solving skills, and students acquire considerabl®
knowledge through problem solving. ConcePt learning itself may
be regarded as a Special case of problem Solving.

A sitygtion Tequiring problem solving is encountered when an
individyal pust I@spond but does not have immediately availaple
the specific infOrmation, concepts, principles, or methods to
arrive at a solution, To solve any probleém the individual pmust
think adaptivelyi more specifically, the ihdividual must selec~
tively recall imPOrtant concepts, principles, and methods needed
to solve the problem, rhus, not only may Qne or more concepts
be instrumental in the solution of many kinds of problems, but
the more experienCe an jndividual has with a given concept, the
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greater the probabjljty of solving su®CSsggylly @ broplem 1AVOlying
that concept,

Much of the organized knowledge CONhegrning the natureé of
problem solving has been summarized i? Qyerse theoyjes, de5CTi,_
tions of the steps ip problem solvings Ang descriptions of the
internal and external conditions of 1€3%n; ng. Althgyugh varying
slightly in their emphases, these the0¥leg and desctiptions ?ll
attest to the importance of problem Solving in Comp} oy 1earninig
and thinking. In turn, theorists have g, focused on the ¥Ole
played by conceépts in problem solving: Foy examle, woodriff (1967)
has discussed the role of concepts in Plgheor-jevel mental activyiyjes,
including problem Solving. 1In accord ¥ th his cumu) g ¢jye model of
learning, Gagné (1970) has viewed conc®Ptg .4 prerequisite £ the
"learning of rules, and rules as pxeredu Site to the g 1ving of
problems. Gagné has also indicated that one way in ypjcpn conCep.
are called into play in solving problems 4 o by the applicati°? Qf
principles to the proplem~solving situdliq, por example, PFMcyples
urderlying the concepts of pressyre, VO Une, gravity, apg distanc,
can be utilized to determine the height of , mountayy py using 4
barometer,

ADDITIONAL FEATURES OF THE CLD MODEL

The CID model jg more heavily oriéfteg toward learning Fhﬁn
toward development jn that it impljes that ;77 the Concepts nelg by
any individual are learned; they do not Smerge SiMply yjth maturg
tion. 1In this context it is simijar t© four theorieg of concept
learning generated by American experineiltyy psycholog;sts and Te_
viewed by Bourne, Ekstrand, and Dominowski (1971) : theory ©
associations (Bourne g Restle, 1959) ; ‘heory of hYPOtheges (I2Vipe,
1966; Trabasso & Bower, 1968) ; theory OFf mgajation (0ggood, 1953)
and theory of information processjing (ﬂunt, 1962) . a3go, in a9rgg.
ment with these theorjes, the mode] Specifies that the attainméng
of concepts is potentjally explaipsgble iR terms °f prjjciples ©f
learning. Despite some differences in tabminologyn the oD e,
like Hunt's, represents an information“Progegsing aPpreach tO leirn-
ing. The CLD model djffers from the foUT ypoories jugt mentioneg
in that it describes qjifferent leyels iR the att2inmen, of the Same
concept and specifies the operations €85®hyj,] to attyining €On~
cepts at the successiyely higher levelsc Whjile Some of the OPery_
tions are postulated to he common to more Yhan one lQVel' these
operations at the Successively higher leVels are Carrj.q oqut °on
more highly differentjasted and abgtract? broperties ¢ zctual
concept instances Or op verbal descriptiohs of instanggg gnd
attributes,

The CLD model is gimilar to Gagné's (1g970) Cumulapive 1€3TNY,
model in that both provide a framework £O% studying the jpternal
and external conditiong of learning, I 34, giffers ;. gwo r®9args.
Whereas Gagné describaes seven formg of }exrning, rangyng grom the
simplest learning throygh rule learping ahq probleM sojying, iN thy
CLD model only one form of learning, cof®Spy jearning, ;¢ analYZ2eq
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according to its several constituent cognitjve behaviors at each of
four levels. Gagné also postulates a linegy vertical learning
hierarchy extending from signal learrnind throush problem solving.
The CLD model, as shown in Figure 1, indicates that a concept when
learned at the classificatory or tlie formal level may be used in
cognizing supraordinate-subordinate relatipns among the concept
and other attained conceptg, in understandjng relations among con-—
cepts such as those incorporated ir principjes and laws, and in
Problem solving. Thus, the CLD model depParxts from the straight
linear learning hierarchy postulated by Gagpé-

Possibly different from the preceding jearning theories and
more in agreement with Piaget (1970), the crp model presumes that
the new operations at each successive leve] involve qualitative
changes in operating on instances and attrjputes of concepts, not
merely additions to or modifications of Prjor operations. Further,
the operations that continue from one leVel to the next are carried
out on more highly differentiated and abstyacted concept attributes.
While the model does not postulate a stage concept associated with
age levels as does Piaget, qualitative differences in thinking of
the kinds pointed to by Kagan (1966) and Bruner, Olver, Greenfield,
et al. (1966) are recognized. Also, Brunerts (1964) conceptualiza-
tion of enactive, iconic, and symbolic reépresentation is accepted
as a satisfactory global explanation of hoy experiences are repre-
sented and stored.

The roles of language and directed leayning experiences are
recognized as being of central importance jn attaining concepts at
the classificatory and formal levels. The ¢ross-cultural studies of
Bruner, Olver, Greenfield, et al. (1966) Sypport the directed-
experiences Point of view (cf. Goodnow, 1969). BAlso, Bruner's
(1964) intermediate position that specifieg how language facilitates
thinking, rather than being essential to thjinking (Luria, 1961) or
being dependent on thought (Inhelder & Piaget. 1964), appears valid
for the present model. Accepting directed experience as critical in
concept attainment de-emphasizes a maturatjonal readiness viewpoint,
such as that expressed by Gesell (1928, 1Sqs5). While it is accepted
that certain cognitive operations emerge with educational experience,
this conception does not espouse a behaviorjst-environmentalist point
of view regarding learning to the extent that either Gagné (1970) or
Staats (1971) does.
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OBJECTIVES AND METHODOLOGY OF THE LONGITUDINAL/CROSS SECTIONAL
STUDIES OF CHILDREN'S CONCEPTUAL DEVELGPMENT

The first part of this chapter is intended to provide some per-
spective on the role of this study in a longitudinal assessment program,
The plan of the longitudinal research will be outlined. The purpose of
- the cross-sectional studies, a description of the assessment bzatteries
and their construction, and a brief review of the first cross-sectional
study precede a description of the research design and procedures used
in the present study.

OVERVIEW OF LONGITUDINAL/CROSS-SECTIONAL STUDIES

The broad purpose of the longitudinal research is to chart the
conceptual development of children from about age 4 to 18. This will
be accomplished primarily from analyses of longitudinal data collected
once each year over a period of several years. Data are obtained from
four concept assessment batteries constructed within the framework of
the CLD model (Concept Assessment Series I: Equilateral Triangle; II:
Cutting Tool; III: Noun; and IV: Tree). The rationale and strategy
for this programmatic research on children's conceptual learning and
development from preschool to the high school years have been outlined
in an earlier paper by Hooper and Klausmeier (1973). The theoretical
framework for the study reported in this paper is the CLD model which
has been described in Chapter 1.

The data collected annually as part of the longitudinal program
will be examined each year in order to provide a series of cross-
sectional studies of children's conceptual learning. This report,
based on the second-year assessment in the longitudinal program, is
the second such reporting of cross-sectional findings from the larger
program. Performances of children on four CLD assessment batteries

B are compared over four age groups in order to obtain information about
the course of children's conceptual development. This information is
evaluated in terms of various predictions that are derived from the CLD

- model.

Objectives of Longitudinal/Cross-Sectional Studies

The primary objectives of the longitudinal study are (1) to chart
the course of children's attainment of selected concepts in various
subject fields during their school years, (2) to chart the course of
children's uses of the same concepts during their school years, (3) to
chart the course of children's development of crucial terminology rel ted
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to the selected concepts, and (4) to relate the three preceding areas
of development. More specifically, the longitudinal data collections
will enable us to (1) specify the order of attainment of the various
levels and uses of concepts by children in the various grade groups of
two school districts; (2) describe the form of the developmental curve
for each level of attainment, concept use, and vocabulary acquisition,
from first partial attainment through final full mastery; and (3) re-~
late the mastery of each level to the mastery of each use, and the
development of both to vocabulary acquisition.

The cross—-sectional analyses will permit the specification of
relative task difficulties {(e.g., group means comparisons, intercor-
relations, and pass/fail contingency analyses) and the suggestion of
the probable order of acquisition of these concept domains. Other
goals of the programmatic research, including cross-sectional studies
and various controlled experiments are as follows: (1) to determine
more explicitly the internal conditions of learning associated with
children's mastery of the various levels of concept attainment and
their uses, (2) to determine more explicitly the external conditions
of learning that facilitate children's attainment and use of concepts
in school settings, (3) to relate children's performances on the four
CLD assessment batteries, (4) to relate children's levels of conceptual
development as assessed by these batteries to their school achievement
in various subject matters, and (5) to validate the CLD model in terms
of its robustness as a framework for research in concept learning,
concept development, and related instruction.

Strategy for Longitudinal Assessment

The plan of the longitudinal investigation is to study a sample
of children from four age groups at four consecutive times during
slightly more than three calendar years. The grade groups at the time
of first-year assessment in 1973 were kinderxgarten, third, sixth, and
ninth. Each group will be tested in the spring of 1974, 1975, and 1976.
Thus, over three calendar years data will be gathered that include the
entire range of 5 to 18 years with 100 percent overlap of the first and
final assessments for the four age groups.

Essential control groups are incorporated in the longitudinal
design to permit an evaluation of possible confounding effects com-
monly associated with long-term repeated-measurement designs. Among
these methodological concerns is the possible role of repeated testing
effects. 1In the present instance a variation of the Campbell and
Stanley (1963) posttest-only control group design will be employed to
evaluate the role of repeated test administrations. Since the design
to be used does not provide for the disentanglement of the effects of
repeated testing and selective drop-out, special attention will be
directed toward the possible changing characteristics of the surviving
core longitudinal samples.
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Sampling Design of the Longitudinal Study

Selective sampling problems and the associated constraints upon
external validity are difficult to avoid in any investigation of this
type. While generalization of the resultant developmental norms will
obviously be confined to similar age-grade levels and demographic classi-
fications, attempts will be made to ensure representative sampling among
classes within two different school populations. Cohort biases are not
expected to be a major concern but will be controlled for in one school
district.

The target field locations for the longidutinal study are Watertown,
Wisconsin, and Beloit, Wisconsin. The public schools of Watertown pro-

’ vided the locale for the initial tryout and validation of the CLD model
assessment batteries. Children in the four grade groups (kindergarten,
third, sixth, and ninth grades) participating in these studies will be
followed for each of the successive years.

The Watertown and Beloit studies comprise a simultaneous replication
of the longitudinal study. Beloit has been designated as the major source
of longitudinal data, however, because its population better reflects the
distribution of socio-economic levels in the U.S. The overall sampling
design for the research in Beloit is shown in Table 1.

OVERVIEW OF CROSS-SECTIONAL STUDIES OF CHILDREN'S CONCEPTUAL DEVELOPMENT

The data collected as part of the longitiidinal study pi vide cross-
sectional information each year about patterns of conceptual learning
and development. The initial data collected in 1973 were analyzed and
reported as the first cross-sectional investigation (see Klausmeier,
Sipple, & Allen, 1974). The present study is based similarly on the
second year of data collected in the longitudinal program; these data
serve as a second cross-sectional study in Watertown and details of
its design are presented in the following sections.

Purpose of Cross-Sectional studies

The CLD model embodies three major propositions. Specific predic-
tions are related to each proposition. These major propositions and
predictions concern hypothesized patterns of children's conceptual
learning and development. The purpose of the cross-sectional studies
- is to test these predicitions, thereby clarifying presumed sequencing in

conceptual davelopment,

A. Many concepts are attained in an invariant sequence according to
four successive levels: concrete, identity, classificatory, and formal.
Each level is presumed to be increasingly difficult to attain because of
the new operations which are essential to attaining the particular level.
Further, it is presumed that to attain a concept at any particular level
an individual must be capable of all of the operations at that level and
at the prior level and must also hcve attained the concept at the pre-
ceding level.
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SAMPLING DESIGN FOR THE CLD TESTS

TABLE 1

Time of Measurement

Cohort 1973 1974 1975 1976 -
1967 6* (N=100) ___ 7 58 59

1968 [Kindergarten] 6 40 p7** 3 8**(Cohort effect.
1967 7 group

1969 6 * _p T**

1967 gr*

1970 6**

1967 9 (Test effect

group)

1964 9 (N=100) 4, 10 _p 11 _ 12

1965 [Third Grade] 9 _» 10* 11

1964 10

1966 9** — p 10**

1964 11**

1967 Q%%

1964 12

1961 12 (N=100) —p 13 » 14 » 15

1962 [Sixth Grade] 12 _p 13%* p 14%*

1961 13

1963 12%* __p 13%*

1961 14**

1964 12**

1961 15

1958 15 (N=100)__’ 16 —» 17 » 18

1959 [Ninth Grade] 15 —p lo** p L7**

1958 16

1960 15%* » 16** .
1958 17*%*

1961 15**

1958 18**

*Table entries are approximate mean ages.

**These groups will not be continued if cohort and practice effects are not found

after the first year.

made after data are analyzed,

39

If effects are found, decisions about continuing will be



The major proposition also indicates that many, but not neces-
sarily all, concepts are attained in an invariant sequence. Three
conditions are essential for a concept to be attained according to
the invariant sequence. First, many actual instances or readily
constructed instances are present in the immediate environment that
children experience. Second, the child must have experiences with
the actual instances or the representations thereof starting early
in childhood. Finally, the child must be developing normally, free
of severe handicaps of speech, language development, brain injury,

- etc. .

The preceding proposition concerning the invariant sequence can
be evaluated definitively only through longitudinal study. However,
there are a number of predictions which follow from the proposition
that can be tested in a cross-sectional study in which children of
various age levels or grade groups participate. The three specific
predictions tested in the present cross-sectional study are as follows:

1. All children of all grade groups will conform to five acceptable
patterns of mastery of the four concept levels. These acceptable
pat“erns are to (a) fail all four levels (FFFF), (b) pass the
concrete and fail the next three levels (PFFF), (c) pass the con-
crete and identity levels but fail the next two levels (PPFF),

(d) pass the first three levels but fail the formal level (PPPF),
and finally, (e) pass all four levels (PPPP) .

2. The number and proportion of children within a single grade group
who pass each successive level of concept attainment will decrease.
For example, fewer third-grade children will pass the classificatory
level than pass the identity level.

3. The number and proportion of children of successively higher grade
groups mastering each concept level will increase. For example,
more sixth-grade children than third-grade children will pass each
of the four levels,

B. Concepts attained to various levels may be used in (a) cogni-
zing supraordinate-subordinate relationships in a hierarchy where the
attained concept is an element of the hierarchy, (b) in understanding
principles that state a relationship between the attained concept and
one or more other concepts, and (c) in solving problems that require
use of the particular concept.

The specific predictions which follow from the preceding proposition
and which were tested in the present study are as follows:

4. Children who attain a concept to only the concrete and/or identity
level will be able to use that concept only in understanding simple
perceptual relationships with other object concepts and in solving
simple perceptual problems.

5. A higher proportion of children who attain a concept at the formal
level, in comparison with those who attain at the classificatory
level, will also master each of the three concept uses.
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6. The number and proportion of children of successively higher
grade groups who master each concept use will increase.

C. Having the labels of the concept and its attributes (a) facili-
tates attainment of the concept at the classificatory level and possibly
the other levels, (b) is requisite for attaining the concept at the
formal level, and (c) facilitates mastery of the three uses of the con-
cept. This proposition emphasizes the importance of language in attain-
ing concepts at the classificatory and the formal levels and also in
b2ing able to use the concept in various ways.

The two specific predictions related to this proposition which
were tested in the present study may be stated as follows:

7. Vocabulary scores and scores based on attainment of the four levels
and the three uses will correlate positively within grade groups.
The correlations must be positive to support the prediciton; however,
within some grade groups they may be low due to very little vari-
ability in either mastery of the vocabulary or in attainment of the
various levels and uses.

8. Vocabulary scores and scores based on the levels and uses will
correlate positively for the combined grade groups; correlations
should be higher than those obtained within grade groups. These
correlations should be of a greater magnitude since large vari-
ation among the children both in vocabulary attainment and in
attainment of the levels and uses is expected when all the
children of the combined grade groups are included.

General Guidelines and Procedures Used in Construction of Assessment
Batteries

T~ addition to the usual criteria of reliability, objectivity, and
usability, several additional criteria guided development of the batter-
ies. First, the materials and instructions had to permit assessment of
subjects of preschool through high school age. It was presumed that not
all subjects uf preschool age would attain a given concept at the concrete
level and that not all high school subjects would attain it at the formal
level. Second, to test for attainment at the concrete, identity, and
classificatory levels there had to be perceptible instances or represen-
tations of the particular concept. Third, the concept had to be definable
by publicly accepted attributes in crder to test attainment at the formal
level. (It should be noted that many concepts are definable in terms of
attributes even though this method of definition is often not used, even
in unabridged dictionaries.) Fourth, the concept selected for a battery
should be relatable to the subject matter which pupils encounter in
school. This is in keeping with the supposition that directed experience,
including instruction in school, is a powerful determinant of the particu-
lar concepts attained by individuals and also of their level of attainment
and use. Further, since much instruction in school deals with concepts,
the CLD model should be applicable to the design of instruction, and the
subtests, when fully validated, should be usable in assessing the level
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of conceptual development in school-age children. Fift}l, tbe particu-
lar concept had to be part of a taxonomy in order to test its Use in
cognizing supraordinate-subsordinate relationships. Finally, the con-
cept had to be usable in cognizing principles and in proplem SOlving.
(A concept may be usable in solving simple problems that can be solved
on a perceptible basis without being used first in understanding a
principle, or it may be used first in understanding a princibPle and
then in solving more complex problems.)

To develop the tests of concept attainment and utiljzation, the
behaviors involved in attaining the concept were analyzed, and then
test items and administrative procedures to assess the behaviors were
developed. For each battery, a subtest was developed to asSs€SS each
of the four levels of concept attainment. Each subtest waS COnstructed
specifically to assess the particular operations involved in attaining
a concept at each of the four levels.

For each concept battery developed, items within the conCreate,
identity, and classificatory levels were constructed to be more diffi-
cult as nonexamples (a) increased in number and (b} shared more relevant
and/or irrelevant attributes with the target examples. » subtest yas
also developed to ascertain the extent to which a child gould apply the
concept in each of the three uses that have been described. Test items
wiut through expert review and empirical validation while under develop-
ment. All subtests in each battery were designed as papex—and-pencil
tasks that could be group administered.

Review of First Cross-Sectional Study

A total of more than 300 children~-from about 60 to apout 100 at
each of four grade groups (kindergarten, third, sixth, and ninth)--
participated in the initial 1973 data collection in Watertown. Two-
hundred eighty-nine of these children were administered three Concept
assessment batteries. The first cross-sectional study evaluated
children's performance on these assessment batteries in terms Of the
eight specific predictions prescribed by the CLD model.

The CLD batteries used were for the concepts (1) equj.lateral
triangle, from the field of mathematics, (2) cutiing tool, probably
related more to science than to other curriculur areas, and (3) noun,
from the field of English language arts. Each battery consisted of
one subtest for each of the four levels of concept attainment ang
one for each of the three uses of an attained concept. Thus a
total of 21 tests was developed, 7 for each of the three cc .epts,

Children in the three lower grade groups were enrolled in four
different elementary schools. The ninth grade students wegre enrolled
in a junior high school. The schools and classrooms in which the
children were enrolled w :re judged to be typical of the particulay
school system and also of a large number of classrooms in small cities
in Wisconsin and other states.

The subtests of the three batteries we:e administered to children in
intact classrooms, except that kindergarte . children received the tests
in small groups. On each subtest a child's responses were scored as
passing or failing, according to specific criteria establjished for each
subtest. Data were quantified by computing frequencies and proportions
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of children within each grade group whO attained each level ang each
use. Certain post hoc statistical teSts were also used where appropri~
ate toO evalyate the eight specifjc pr€Qictions described earlier. 1In
general, the predictions derivedq from the CLD model received Strong
support from the first cross-sectional study, providing useful informa-
tion as to the probable developmental Course of attainment of the two
concepts. A complete description of the first cross-sectional study

is available (Klausmeier, Sipple, & Allen, 1974).

DESIGN OF SECOND CROSS~-SECTIONAL STupY

The second cross-sectional study Was also designed to test the
specific Predictions derived from the CLD model and, consequéntly, to
deterxmine the normative pattern for cONcept acquisition. The second
cross—seCtional study can be viewed aS a replicacion of the first
study, providing the opportunity to cOnfiym and extend the first year's
findings regarding the course of childfen's conceptual develOpPment.

Assegsment Batteries Used

In the present study, four assesS ént batteries, one £or each of
four different concepts, were administ2¥ed. Aall batteries were
developed Using the general criteria a”Q procedures described earlier.
Three of the concept assessment batteri€s were in use at the time of the
original data collection. These yere Concept Assessment Series 1:
Equilateral Triangle, II: Cutting Tool, and III: Noun. The fourth
battery, Tree, was in process of develOPment during the first year
administration and was only ready for USe in the second year assessment.

Modifications in original batteri€S. several modifications were
made in the three original batterjes, POth in order to add a fey
components lacking in the formal gubteSt at the time of the first
administratijon and to correct certain difficulties apparent in the
classificatory subtest after the first data collection. In the equi-
lateral triangle battery, modificationS were made only in the formal
subtest. Two new components required bY the model were added: 3
definition item and five jtems degigned to tap the child's ability to
evaluate defjning attributes of the conNCept, Two more items for dis-
criminating attributes were also added to the original three, giving
a total of five items for the discriminating attributes component of
the formal suybtest. Specific compositiOn of this battery regarding
number of items composing each suybtest is provided in Table 3 in
Chapter III.

In the cutting tool battery more ©Xtensive changes were made,

In general, for every subtest in this battery the most effective
items were selected for final use from among those available during
the course of construction and developMent of the battery. Another
general criterion used during modificatlion of the cutting tool bat-
tery (and construction of other batteri€s) was an attemnt to maintain
the same, or pearly the same, number of items in each subtest in
order to increase their pgychometric cOMparabjility. As in the equi-~

lateral triangle battery, a new componeft-_evaluating the definjng
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attributes-~was added Yo the formal subtest. as required by the model.
Specific composition 9f the entire cytting Yool battery regarding
number of items comprlSing each subtest i5 Qvailable in Table 20 in
Chapter IV.

Modifications in the noun battery resWlted in more discriminating
attributes items in the® foymal subtest, a5 Well as the new component
of evaluating discriminating attributes. IN agdition, the number of
items assessing concePt ygeg was increased- Specific composition of
the noun battery is pFOvjded in Table 37 iD Chapter V.

New battery. Th® fourth assessment battery administered for the
first time at the secOM™ year data colleti®R was constructed for the
concept tree, a concePt fyom the science f12ld, The number of items
comprising each subteSt of the tree batterY is provided in Table 54
appearing in Chapter VI.

To summarize, th® Bresent cross-~secti®fal study, based on the
second year of data c0llectjon in the longitudinal program, used four
concept assessment batteries: equilateral Eriangle, cutting tool, noun:
and tree. A subteSt Wa3 gonstructed for eACh of the four levels of
concept attainment and for each of the thre® yses of a concept. Thus
a total of 28 subtestS Was developed, 7 fof Sach of the four concepts.

Partic.pating chjldren

It will be recall®Q that 289 childxen tOok part in all three
assessments in the firSt year of the study. The total number of
children tested was diStriputed according t© assessment battery as
follows: equilateral triangle, 324; cuttifsd tool, 363; and noun,
325. 1In the second year of sgsessment, soM® of these children were
no longer availahle foX testing. However, 309 children received a]l
four assessment batterieg in the second as5®Ssment year. One addi-
tional child participateq jn the assegsment ©f cutting tool, and four
additional children wer® administered the ed4ilateral triangle and
tree batteries. ableS 2, 19, 36, ang 53 iP Chapters III, IV, V, and
VI, respectively, shovw the exact number of Children who participated
at each of the four grade groups. Chjldren in the two lower grades
were enrolled in four a1Ementary schools. S®venth graders were enrolled
at a junior high gchool and tenth gragers at a single high school.
Each of the subject poPWations is described in greater detail in the
chapters presenting reSUltg.

Data Collection

The appropriste subtegts of a battery Were administered to children
in groups of about 30. However, first grad® children were tested in
smaller groups of about S to 10 in order to FSduce distractibility
and, in general, to enable the test administTators to monitor the test-
taking situation more ¢lOsely. Each of the foyr batteries was adminis-
tered at a different tiMe over a five~month Period, lasting approximately
from December, 1973 thrOUgh early May, 1974 Two test administrators.
both male, were responsible for giving the Patteries in all assessments.
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The same administrators were respPfiSihje for SCOrjng the tests apd for
coding the test information foXx SubSGQuent data analyses-

Treatment Of pata

On each subtest of an agsessMelt p. ire /7 & Subject Was scored as
having either passed or faileds tha- is, results of each assessment
battery were treated as dlchotomous dat Crlterla set for each sub-
test determined passing or agtainMeNt ,¢ 5 subtesy  gpecific crjiteria
for attainment of each subtegt in €3ch of the AaSseggment batteriec will
pe explained and presented in chaPters gescribing yesults for the four
assessment series. ]

In general, data were quantifled b computing frequencies and pro-
portions of subjects at each grad® Sroyp who attajpeg each Concept level
and each uses subtest. These £redYSncjes and Proportions were prepared
separately for boys, girls, and boYS ang glrls Combined. Preliminary
statistical tests were used to det®Tmipe the eXistepce of any sex
differences in attainment of the 1€Velg and US€S. yhen no evidence of
sex differ:nces was found, data wer® apglyzed for poys and giris com-
pined. Post hoc statistical test$ Were ysed Where zppropriate to
obtain more specific information 3POut gjfferences jn frequencies and
propositions, The predicted xalat1°nshlps between yocabulary znd per-
formance on the subtests deal ing ¥1th tpe concept jgyels and uses were
evaluated by computing corre)atiol CSoefgicieéntS. gach of the specific
predictions stated in this chapter’ is evaluated in terms of these
descriptive and statistical analys®S.
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RESULTS OF CLD ASSESSMENT SERIES I: EQUILATERAL TRIANGLE

OVERVIEW

A brief description of the child population precedes a report of
the specific criteria used for determining full attainment on each
subtest of the battery. The remainder of the chapter is devoted to
analyses of results Of the assessment in terms of each of the CLD pre-
dictions.

CHILD POPULATION

Table 2 presents mean ages and age ranges of the 313 children who
participated in Assessment Series I. Data are presented separately for
boys and girls, as well as for all children, at each grade group. In-
spection shows that the number of children and sex composition varied
among grade groups. Number of children varied from 57 for the first-
grade group to 87 for the seventh and the tenth-grade groups. Age
range of children within each grade varied from 13 months for fourth
graders to 16 months for seventh and tenth graders. Age range for
buys and for girls within any single grade group varied very little;
mean age for boys and girls was also very close within grade group.

CRITERIA FOR FULL ATTAINMENT

In Chapter II it was stated that one test was used for each level
of concept attainment and one test for each concept use. For each of
the levels and uses subtests specific criteria determined full attain-
ment. In general, a criterion required that all items of a subtest,
except one, had to be passed. One error was permitted in order to make
some allowances for error of measurement. These criteria are especially
important since passing the four levels of concept attainment in consecu-
tive order is critical to the CLD model.

Table 3 summarizes information concerning number of items and
criteria for attainment on each subtest of the battery. There are
several exceptions to the criteria convention. The classificatory
subtest consisted of 3 items, all of which were required for attain-
ment. As described earlier, new items and components were added to
the formal level subtest. Modification resulted in 18 formal level
items (5 discriminating attributes, 7 labels, 5 evaluating defining
attributes, and 1 definition). Individual criteria were not estab-
lished for each of these components; rather, a proportion of all
formal level items combined was required in order to meet attainment
criterion. The formal level criterjon was set at passing apprnximately
80 percent, or 15, of the total 18 formal level items. Number of items
comprising each of the subtests, as well as criteria for passing, can
be reviewed in Table 3. 29
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TABLE 2

NUMBER OF QHILDREN, MEAN AGE, AND AGE RANGE AT EACH GRADE GROUP

g g e e —
A — : —
Grade Nunber Mean Age Age Range@
(in years and months) (in years and months)
——— ———n” e, j\‘\-
1 Total 57 6-10 6~3 to 7~5
Boys 33 6-10 6~3 to 7-5
Girls <24 6-10 6~3 to 7~3
e SR T ——
4 Totagl 82 9-10 9-3 to 10~4
Boys 51 9-10 9~4 to 10~4
Girls 31 9- 9 9-3 to 10-3
— e e e J\——
7 Total 87 12- 9 12-1 to 13-5
Boys 36 12-10 12-2 to 13-5
Girys 51 12- 9 12-1 to 13-5
e - e — T e, j—\-—-\
10 Total 87 15- 7 15~1 to 16~5
Boys 42 15- 7 15-1 to 16-5
Girls 45 15- 7 15~1 to 16~-5
—— S — e e P e, —/\_

PROPORTICN OF EACH GRADE GROUP CONFORMING TO THE PREDICTED INVARIANT
SEQUENCE

Basic to the CLD pmodel is the postulate that each successive 1éVel
of concept attainment yequires the use of one or more new cogni tive
operations. Rach Subtest will be more Aifficult than the previous One
because it demands at jeast One additional cOgnitive operation, The QLp
model, then, 1imitsS to five the number of acCeptable patterns of suc¢CRsg
and failure for the concept levels. These are: to fail all four leVelg
(FFFF), to pass the concrete level and fail the next three (Prpp), t©
pass both concrete anq identity and to fail the last two (PFFF), to Pagg
the first three¢ levels and fail formal (PPPF), and finally to pass all
four levels (ppPP).

Table 4 presents the number and proportion of each grade group that
attained the sycceSSive levels in accoxd with the patterns pregicted By
the model, as well as the number and proportion of each grade group X~
hibiting patteyns NOh-acceptable to the model. Tables 5 and 6 show the
same data separatelY for boys and for girls. Chi-square tests were Per-
formed at the ,05 leve) of statistical significance to discover if an¥
sex differences exiSteg in the subtotals of Children conforming to the
five combined predicCteg patterns. No sex differences were found within
grade groups oy for al) grade groups combined. Since no statistical}Y
significant differenceg between boys and girls in conformity to prediCteg
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TABLE 3

NUMBER OF ITEMS aNp CRITERIA DefINING ATTAINMENT
FOR EACH CONCEPT LgVEL “Nb ygg

PR M/-‘\__—,_\
— N

———————
Subtest Numbey of Criteria for Fuy;
Itens Attainment
e — N gt
1. Concrete 8 7 correct
2. Identity 8 7 correct
3. Classificatory 3 3 correct
4, Formal
4. Discrim, Attributes 5
, cor
p. Labels - 15 ltemsximareCt
' Or apprO¥*~"Qtg)y
€. Evaluating Defining Attributes 5 80¢ of Comblhed
. B, items
d. Dpefinition 1 ormal
5. Principle 5 pairS 4 correct
6. Proplem solving 5 4 correct
7- Supraordinate-Subordinate 4 pail-'s 3 correct

R —— -v—"/\___./—\,__,/\______——

Patterns of attainment were detected, the ¥®Wyjpger Of this section will
focus on Table 4 which presents data for bO¥S 44 girls combined: Tapjes 5
and 6 are presented for readers who wigh t2 Sxamine and Compare ?erformance
data for bovs and girls, .

The first five rows of Table 4 present ‘he pumber ang proportien of
€ach grade group that attained the sugcessivVe levels 1N jccord wi each
Of the five patterns predicted by the model- a1l but 15 pjjdrens op 95
Percent, demonstrated attainment of the levels gpsistent with the Bre_
dicted invariant sequence, More specjficalty, and in Ordey of decreasing
frequency, 163 children ghowed the PPpF Paﬁtern; 98, PPPb, 37, PPFF; o,
PFFF and FFFF. Within grade groups, 98 perSSht ¢;ch of the first ahg
Seventh graders, and 93 percent of each of @& gy,rth ang tenth 9¥adeyg
conformed to accepted patterns.

The last 11 rows of Table 4 present th® hygher and Proportion of
children who displayed Non-conforming pattern&. Five Pergent (15 children)
Of the total subject popylation did not demPMStpate attainpent of the
levels consistent with the predicted invari?nt sequenCe. yine Of these 15
chjldren passed the forma] level after faillly classificatory, contrary to
Prediction, 3 failed the jdentity level, bu® Wept on to attain
Classificatory level, 2 fajled the concrete Yye1, but wepy on to attain
the identity and classifjcatory levels, and failed the qgncreter byg
wWent on to attain the identity level. Deviating children ere diSttibuted
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TABLE 4

NUMBER AND PROPORTION OF FOUR GRADE GROUps CONFORMING AND
NOT CONFORMING TO PREDICTED SEQUENCE ofF ATTAINMENT

Pags-Fail Sequence lst 4th 7th 10th All Gradeg
e (n=57) (n=82) | (n=87) (n=87) (N=313)
FFFF 0 0 0 0 0
i .00 .00 .00 .00 .00 B
PREF 0 0 0 0 0
—— e .00 <00 00 .00 .00
BpFF 1€ 9 5 7 37
| —_— .28 .11 .06 .08 .12
BppF 40 62 41 292 163
o .70 .76 .47 .23 .52
Bopp 0 5 39 54 98
el R '00 '06 .45 .62 .31
Subtotal Conforming 56 76 85 81 298
.98 .93 .98 .93 .95
P e, — - .00 '00 ‘00 .00 .00
Fppr 0 0 0 0 0
—— .00 .00 .00 .00 .00
Frpp 0 0 0 0 0
e S .00 .00 .00 .00 .00 |
FpprF 0 1 0 0 1
b o .00 .01 .00 .00 .00
Fppp 0 0 0 0 0
o .00 .00 .00 .00 .00
Fppr 0 2 0 0 2
_ .00 «N2 \-90, .00 .01
Fppp 0 0 0 0 0
e .00 .00 200 .00 00 |
Prrp 0 0 0 0 0
e .00 .00 00 .CO0 .00 |
Prpp 1 2 0 0 3
s U 02 .02 200 .00 . W01 —
Prpp 0 0 ) 0 0
e S .00 .00 200 .00 00 |
Pprp 0 1 2 6 9
e .00 .01 <02 .07 .03
Subtotal Not conforming 1 6 2 6 15
— .02 .07 202 .07 .05
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TABLE 5

NUMBER AND PROPORTION OF BOYS AT THE FOUR GRADE GROUPS CONFORMING
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT

. 1st 4th 7th 10th All Grades
Pass-Fail Sequence
{n=33) (n=51) {n=36) (n=42) (N=162)
- FFFF 0 0 0 0 0
.00 .00 .00 .00 .00
PFFF 0 0 0 0 0
) .00 .00 .00 .00 .00
PPFF 10 8 2 2 22
.30 .16 .06 .05 .14
PPPF 22 34 21 11 88
.67 .67 .58 .26 .54
PPPP 0 4 12 27 43
.00 .08 .33 .64 .27
Subtotal Conforming 32 46 35 40 153
.97 .91 .97 .95 .94
FFFP 0 0 0 0 0
.00 .00 .00 .00 .00
FFPF 0 0 0 0 G
.00 .00 .00 .00 .00
FFPP 0 0 0 0 0
.00 .00 .00 .00 .00
FPFF 0 1 0 0 1
.00 .02 .00 .00 .01
FPFP 0 0 0 0 0
.00 .00 .00 .00 .00
FPPF 0 2 0 0 2
B .00 .04 .00 .10 .01
FPPP 0 0 0 0 0
.00 .00 .00 .00 .00
° PFFP 0 0 0 0 0
.00 .00 .00 .00 .00
PFPF 1l 1 0 0 2
.03 .02 .00 .00 .01
PFPP ' 0 0 0 0 0
.00 .00 .00 .00 .00
PPFP 0 1l 1 2 4
.00 .02 .03 .05 .02
Subtotal Not Conforming 1 5 1 2 9
.03 .10 .03 .05 .06
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TABLE 6

NUMBER AND PROPORTION OF GIRLS AT THE FOUR GRADE GROUPS CONFORMING
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT

Pass-Fail Sequence 1st 4th 7th 10th All Grades
(n=24) (n=31) (n=51) (n=45) (N=151)

FFFF 0 0 0 0 0
.00 .00 .00 .00 .00
PFFF 0 0 0 0 0
.00 .00 .00 .00 .00
PPFF 6 1l 3 5 15
25 .03 .06 .11 .10
PPPF 18 28 20 9 75
«75 .90 «39 «20 .50
PPPP 0 1 27 27 55
.00 .03 .53 .60 .36
Subtotal Conforming 24 30 50 41 145
1.00 .97 .98 .91 .96
FFFP 0 0 0 0 0
.00 .00 .00 .00 .00
FFPF 0 0 0 0 0
.00 .00 .00 .00 .00
FFPP 0 0 0 0 0
.00 .00 .00 .00 .00
FPFF ' 0 0 0 0 0
,00 .00 .00 .00 .00
FPFP 0 0 0 0 0
.00 .00 .00 .00 .00
FPPF 0 0 0 0 0
.00 .00 .00 .00 .00
FPPP 0 0 0 0 0
.00 .00 .00 .00 .00
PFFP 0 0 0 0 0
.00 .00 .00 .00 .00
PFPF 0 1 0 0 1l
.00 .03 .00 .00 .01
PFPP 0 0 0 0 0
.00 .00 .00 .00 .00
PPFP 0 0 1l 4 5
.00 .00 .02 .09 .03
Subtotal Not Conforming 0] 1 1 4 6
.00 .03 .02 .09 .04




35

most heavily in each of the fourth- and tenth-grade groups where 6 children
did not conform; only 1 first grader did not conform and 2 seventh graders
did not conform.

The fact that 95 percent of our 313 subjects conformed to the pre-
dicted invariant sequence of attainment provides very strong support for
the major proposition and first prediciion derived from the CLD model.

Tal..e 7 presents frequencies of subjects according to each non-
conforming pattern and number of items - rre:- at each concept level for
wl.ich criterion was not met. Examination -f these protocols is useful
for suggesting why these children deviated from the predicted invariant
sequence of attainment.

One child failed the concrete level but went on to attain the
identity level. Passing seven of the eight concrete items was required
for attainment. This non-conforming child passed six of the eight items.
Two children failed the concrete level but went on to attain the identity
and classificatory levels. oOne of these non-conforming children passed
six of the eight items and the other passed five of the eight items--per-
formances that were very close to meeting the requirements for attainment
at the concrete level. Three children passed concrete, failed identity,
but went on to pass classificatory. Again, seven of the eight identity
items were required for attainment. All three of these non-conforming
children passed six of the eight items. Nine children appeared in the
PPFP pattern. Eight of these children passed two of the three test items
required for attainment; one other passed none of the classificatory
items but went on to attainment at the formal level. Examination of most
of these protocols reveals that attainment of a level that should have

TABLE 7

FREQUENCIES OF SUBJECTS ACCORDING TO PATTERN OF EXCEPTION
AND ITEMS CORRECT AT EACH CONCEPT LEVEL NOT ATTAINED

N

Pattern of Exception Number of Items Correct on Concrete Subtest (7 required)

0 1 2 3 4 5 6
FPFF 1
FPPF 1 1

Number of Items Correct on Identity Subtest (7 required)
0 1 2 3 4 5 6

PFPF 3
Number of Items Correct on Classificatory Subtest (3 required)
0 1 2
PPFP 1 8

O
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passed, according to the model, was just barely missed. Thus, these
deviations are probably most reasonably explained as errors of measure-
ment associated with each subtest, or as a consequence of criterion
stringency, or both. The few protocols showing that a child attained
a more difficult level after falling far short of criterion at lower
levels can probably be reasonably interpreted as cases of inattentive-
ness during test taking or misunderstanding of directions.

PREDICTED SEQUENCE OF CONCEPT ATTAINMENT AND DIFFICULTY OF THE LEVELS

The CLD hypothesis is that the sequence of attainment is invariant
because each successively higher concept level requires the use of one
or more increasingly complex cognitive operations. As a consequence,
the items and the total subtest at each successive level are more diffi-
cult. It might be argued that the invariant sequence of attainment is
not a function of difficulty determined by increasingly complex cognitive
operations at the successive concept levels, concrete through formal, but
that it is simply a function of increasing test item difficulty unrelated
to the operations. 1In order to ensure that the number of subjects con-
forming and not conforming to the predicted sequence is not merely due to
increasing difficulty of the successive subtests unrelated to the more
complex operations, a statistical procedure accounting for independent
difficulty level can be applied to the data. However, in this adminis-
tration of the equilateral triangle battery, it was noted that fewer than
five subjects were expected to follow each of 12 of the 16 patterns.
Therefore, it was statistically inappropriate to perform the Chi-square
goodness-of-fit test due to the insufficient cell frequencies.

PROPORTION OF GRADE GROUPS ATTAINING THE FOUR LEVELS

This section will evaluate data relevant to predictions two and
three, both of which are derived from the first proposition regarding
the predicted invariant sequence of concept attainment. These two pre-
dictions are closely related. According to prediction two, within a
given grade group the percentage of children passing each successive
level of attainment will decrease, and, accoyrding to prediction three,
the percentage of children passing any given level will increase as a
function of increasing grade group.

Data were first examined for any important sex differences in fre-
quencies of children who fully mastered each level of attainment, Chi-
square tests revealed that at each level of attainment, within each
grade group, and for all grade groups combined, only two sex differences
in performance occurred. 1In the fourth-grade group more girls than boys
attained the classificatory level (x2 = 4.45, p < .05, df. = 1). For all
grade groups combined, more girls than boys attained the formal level
(x2 = 3.99, p < .05, df. = 1). None of the remaining 18 Chi-square tests
for sex differences approachsd statistical significance. Since no strong,
systematic sex differences were found in these data, Table 8, combining
data for boys and girls, was used for statistical analyses. Tables 9 and
10 show the same data separately for boys and for girls.

o
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TABLE 8

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT
FULLY MASTERED EACH LEVEL OF ATTAINMENT

Grade Concrete Identity Classificatory Formal
1st (n=57)
Number 57 56 41 0]
. Proportion 1.00 «98 .72 .00
4th (n=82)
Number 79 80 71 6
Proportion «96 .98 <87 «07
7th (n=87)
Number 87 87 80 41
Proportion 1.00 1.00 .92 .47
10th (n=87)
Number 87 87 74 60
Proportion 1.00 1.00 .85 .69
All Grades (N=313)
Number 310 310 266 107
Proportion .99 .99 .85 .34

Table 8 shows the number and proportion of each grade group that
fully attained each concept level. The row entries are relevant to
the first prediction addressed in this section. At each grade group,
there was a gradual decrease in the proportion of children a&ttaining
the successive levels, although at every grade group a high degree of
proficiency was demonstrated at the concrete and identity levels. Pro-
portions of the total subject population reflect this cousistent finding:

. 99 percent, concrete; 99 percent, identity; 85 percent, classificatory;
and 34 percent, formal.

Cochran Q tests were used to discover if the proportions of children
fully attaining the four concept levels differed significantly within
each of the four grade groups. Significance of the differences among the
proportions for each of the four grade groups was well beyond the .00l
level [Q = 139.37, first grade; 186.59, fourth grade; 117.81, seventh
grade; 49.80, tenth grade (df. = 3)]. McNemar tests were run at the .05
level of significance to determine where specific differences in attain-
ment among the four levels occurred in each of the four grade groups.

Six comparisons were possible: concrete with (1) identity, (2) classifi-
catory, and (3) formal; ideatity with (4) classificatury and (5) formal;
finally, classificatory with (6) formal. For each of the four grade
groups, five of the six possible comparisons differed with statistical
significance. The only comparison that was not statistically significant
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TABLE 9

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT

Grade Concrete Identity Classificatory Formal
1st (n=33)
Number 33 32 23 0
Proportion 1.00 «97 .70 .00
4th (n=51)
Number 48 50 41 5
Propertion .94 .98 « 80 .10
7th (n=36)
Number 36 36 33 13
Proportion 1,00 1.00 92 «36
10th (n=42)
Number 42 - 42 38 29
Proportion 1.00 1.00 «90 .69
All Grades (N=162)
Number 159 160 135 47
Proportion .98 .99 «83 29

was concrete with identity. 1In each of the remaining comparisons at each
grade group, fewer children passed the higher concept level.

The columns of Table 8 ccantain information relevant to the second
prediction addressed in the present section—--the percentage of children
passing any specific level of concept attainment should increase as a
function of increasing grade group. Inspectjon shows that these data
support the second prediction, although all four grade groups perform
about equally well at the concrete and identity levels. In addition, at
the classificatory level reversals to the prediction occurred; a greater
percentage of fourth graders and seventh graders attained the concept
than the percentage of tenth graders who attained.

Chi-square tests were used to find out if the proportions of indi-
vidual grade groups passing each of the four levels of concept attainment
differed significantly from the proportions of the combined grade groups
passing each of the four levels. The differences in proportions attaining
three of the levels were significant as follows: x2 (df. = 3) = 8.53, p <
.05, concrete; 11.09,J2 < .02: classificatory; 109.17, p < .0Ul, formal.

A Chi-square analog to Scheffe's theorem was performed to determine where
differences between grade groups in attainment of each of the four levels
were significant at the .05 level. Significant differences were as fol-
_lows: At the classificatory level the seventh graders surpassed attainment
of the first graders. At the formal level, five of the six pair-wise

99




39

TABLE 10

NUMBER AND PROPORTION OF GIRLS AT FEACH GRADE GROUP
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT

Grade Concrete Identity Classificatory Formal
1
1st (n=24)
Number 24 24 18 0
. Proportion 1.00 1.00 .75 .00
4th (n=31)
humber 31 30 30 1
Proportion 1.00 .97 .97 .03
7th (n=51)
Number 51 51 47 28
Proportion 1.00 1,00 «92 «55
10th (n=45)
Number 45 45 36 31
Proportion 1.00 1.00 .80 .69
All Grades (N=151)
Number 151 150 131 60
Proportion 1,00 .99 .87 .40

-omparisons differed significantly--the exception being that between first
and fourth graders. Thus, as grade group increased, significantly larger
numbers of children attained the formal level.

The data relevant to full attainment of the concept equilateral tri-
ancle provide strong support for predictions two and three which deal with
&iffzbulty of the successive concept levels.

RELATIONSHIP BETWEEN FULL ATTAINMENT OF VARIOUS LEVELS AND USES

The fourth prediction derived from the CLD model holds that indi-
viduals who have attained a concept only to the concrete or identity
levels may be able to use that concept in cognizing simple perceptual
relations among concepts and in solving simple problems of a perceptual
kind, but that they will not be able to use the concept in understanding
supraordinate-subordinate relations, understanding more complex princi-
F-es, or in solving more complex problems.

The first half of Table 1l presents data relevant to the fourth
prediction. No children passed concrete as their highest level of
attainment. Table 12 shows 23 boys attained identity as their high-
est level with three instances of mastery on uses subtests; Table 13
indicates 15 girls attained identity as their highest level with six
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instances of mastery on uses subtests. A Chi-square test revealed that
the sex difference was not significant. Of the 38 children, then, whose
highest level of attainment was identity, there were nine instances of
attaining uses subtests (three supraordinate-subordinate, two principle,
and four problem solving). In general, we may conclude that these data
support the fourth prediction of the CLD model: attainment of a concept
to only the concrete or identity levels severely limits mastery of the
uses of a concept.

Reviewing the fifth prediction, the model holds that a higher pro-
portion of children who attained the formal level, in comparison to the
classificatory, will master the three concept uses. In the second half
of Table 11 we find data against which to test this specific prediction.
A total of 168 children mastered the classificatory level as their
highest level of attainment and 107 attained the formal level. Compari-
sons between children perfoxming at these two levels with reference to
their mastery of the concept uses are of special interest not only to
the CLD model but to educators and learning theorists as well.

Preliminary Chi-square tests conducted at the .05 level showed that
no significant sex differences existed in attainment of each of the uses
among formal level attainers and in attainment of the uses among classi-
ficatory level attainers. The data in Table 11, combining data over sex,
were therefore used for analysis.

Of the classificatory attainers, 1l percent mastered the supra-
ordinate-subordinate subtest; 10 percent, principle; and 21 percent,
problem solving. These data are in contrast to performances of formal
attainers: 35 percent passed the supraordinate-subordinate subtest;

64 percent, principle; and 58 percent, problem solving. Chi-square
tests showed a significant overall advantage in attainment of uses

{beyond the .00l level) for children performing at the formal level
when compared to those performing at the classificatory level [x2 =
21.83, supraordinate-subordinate; 89.94, principle; 38.00, problem

solving (df. = 1}].

To review and summarize this section, data obtained from assess-
ment of equilateral triangle provide strong support for both predictions
under scrutiny. When a concept is attained to only the concrete or
identity levels, use of the concept is curtailed. When a concept is
attained to the formal level, compared to %the classificatory level, use
of the concept is greatly facilitated.

DIFFICULTY OF THE THREE USES

The sixth prediction derived from the CLD model, and testable in

a cross-sectional study, states that performance on these uses subtests
will improve as a function of increasing grade group. Table 14 pre-
sents the number and proportion of each grade group that fully mastered
each of the three concept uses: supraordinate-subordinate, principles,
and problem solving. Tsoles 15 and 16 show the same data for boys and
for girls separately. Preliminary Chi~square tests revealed no sex
differences in mast~ry of any of the uses at any of the grade groups or
for combined grades. BAnalyses are, therefore, based on the combined
data.
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TABLE 14

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grade Supraordinate-Subordinate Principle Problem Solving

1st (n=57)

Number 1 0 S0
Proportion .02 .00 100
4th (n=82)

Number 8 4 13
Proportion .10 .05 .16
7th (n=87)

Number 16 24 29
Proportion .18 .28 «33
10th (n=87)

Number 34 58 60
Proportion «39 «67 .69
All Grades (N=313)

Number 59 86 102
Proportion 19 «27 «33

Consistent with the prediction, Table 14 shows a consistent improve-
ment in performance in each higher grade group. The problem solving
subtest best exemplifies the marked improvement in mastery with increas-
ing grade group: O percent of the first graders, 16 percent of fourth
graders, 33 percent of seventh graders, and 69 percent of tenth graders
fully attained this concept use. Noteworthy is the consistent, sharp
improvement in mastery of each of the three uses from seventh to tenth
grade groups. The marked improvement in attainment can be attributed
both to specific mathematical instruction and to emergence of cognitive
operations specified by the model. Table 14 indicates, in addition, that
for the total subject population 19 percent mastered the supraordinate-
subordinate subtest; 27 percent, principle; and 33 percent, problem
solving.

Chi-square tests were used to ascertain statistically significant
differences between the proportions of individual grade groups passing
each of the three uses and the proportion of the combined grade groups
passing each of the three uses. The difference in proportions of sub-
jects attaining each of the uses was significant beyond the .001 level
[x2 = 38.61, supraordinate-subordinate; 109.67, principles; 90.44,
problem solving (df. = 3)]. A Chi-square analog to Scheffé's theorem
was performed between all pairs of grade groups to determine where the
differences in each use were significant at the .05 level. For the
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TABLE 15

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP WHO FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grade Supraordinate~Subordinate Principle Problem Solving

l1st (n=33)

Number 0 0 0
Proportion .00 .00 .00
4th (n=51)

Number 3 3 6
Proportion .06 .06 212
7th (n=36)

Number 5 9 12
Proportion .14 «25 «33
10th (n=42)

Number 17 27 32
Proportion 40 «64 276
All Grades (N=162)

Number 25 39 50
Proportion .15 .24 .31

supraordinate-subordinate subtest, the performance of the tenth-grade
group differed sijynificantly from that of each of the other three
grade groups. For the principle subtest every pair-wise comparison
between grade groups differed significantly except that between first
and fourth grades. For the problem solving subtest all pair-wise com-
parisons differed significantly except those between first and fourth
grades, and fourth and seventh grades. That is, with increasing grade
groups a statistically significant improvement in attainment occurred
on principle and problem golving subtests.

We may conclude that the prediction of increasing mastery of uses
as a function of increased grade group has received strong and consis-
tent support from these data.

RELATIONSHIP BETWEEN VOCABULARY DEVELOPMENT AND ATTAINMENT OF CONCEPT
LEVELS AND USES

The final section of the present chapter is concerned with the last
two of our eight predictions. It is expected that having the verbal
labels for the concept equilateral triangle and its attributes will be
positively correlated with attainment of levels and performance on the
uses subtests within individual grade groups. Across combined grade
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TABLE 16

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP WHO FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grade Supraordinate~Subordinate Principle Problem Solving
1st (n=24)
Number 1 0 0
Proportion .04 .00 .00
4th (n=31)
Number 5 1 7
Proportion <16 .03 .23
7th (n=51)
Number 11 15 17
Proportion 22 .29 .33
10th (n=45)
Number 17 31 28
Proportion .38 .69 .62
All Grades (N=151)
Number 34 47 32
Proportion .23 31 34

groups, vocabulary scores and attainm.n. of levels and uses subtests
should show an even higher positive correlation.

In order to compute correlation coefficients, a special scaling
system was devised. For each subject, a point score of one was assigned
to full attainment of each concept level and each use, and a score of
zero to each when mastery was not attained. The second variable for all
computations was mean performance on the seven-item vocabulary test in
which a score of one was again assigned to each correctly answered item.
Therefore, for each individual, scores on the four concept levels could
vary from 0-4; scores on the three concept uses could vary from 0-3;
and scores combining levels and uses could vary from 0-7. (Combining
levels and uses subtests provided a measure of overall task performance.)
Similarly, the scores on the vocabulary test varied from zero, for no
labels correct, to a perfect score of seven. For each subject, then,
overall performances on concept level subtests, concept uses subtests,
combined levels and uses subtests, and vocabulary were calculated.

This scoring system generated Table 17, which presents means and
standard deviations for levels, uses, combined levels and uses, and
vocabulary scores at each grade group and for all grades. In addition,
mean scaled scores were computed for boys and girls separately. The
predicted improvement in concept attainment and performance on uses with
increasing grade group is, of course, demonstrated in these data based
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TABLE 17

MEANS AND STANDARD DEVIATIONS FOR COMBINED CONCEPT LEVELS, CONCEPT USES,
COMBINED LEVELS AND USES, AND VOCABULARY AT EACH GRADE GROUP

Concept Concept Levels
Levels: Uses: and Uses: Vocabulary:
- Grade N (Maximum (Maximum (Maximum (Maximum
Score, 4) Score, 3) Score, 7) Score, 7)
i N e N
- r M S.D, | m M s.n.’ M s.p. >
1st 57 2,70 .46 .02 .13 2.72 .49 1.77 1.38
4th 82 2.88 .51 .30 .62 3.18 .84 3.92 l1.68
7th 87 3.39 .60 .79 .97 4.18 1.30 5.21 1.53
10th 87 3.54 .64 1.75 .96 5.29 1.30 6.10 1.19
All Grades 313 3.17 .66 .79 1.02 3.96 1.45 4.50 2.10
All Boys 162 3.09 .67 .70 «99 3.80 1.47 4.33 2.14
All Girls 151 3.26 .64 .88 1.05 4.14 1.42 4.68 2.04

on mean scaled scores as it was in the data based on proportions. Mean
scores on the vocabulary test also show a gradual improvement with in-
creasing grade group. Mean scaled scores for boys and girls are very
similar on each measure, as well as on vocabulary.

Pearson product-moment correlations (r) were then calculated in
order to discover the relationship between vocabulary comprehension and

. task performance. For each grade group, all grades combined, and all
boys and all girls, Table 18 presents the correlations between scores
on the vocabulary test and scores on (1) concept level, (2) concept uses,
and (3) combined levels and uses.

Tests for any statistical significance, at the .05 level, between
the correlations for boys and girls on each of the three performance
measuvres revealed no sex differences. The correlations within each
grade group are quite modest. especially for the first- and fourth-grade
groups. The very low order correlations for the younger subjects
reflect a limited range of performance. The range of attainment on
concept levels was small, few or no uses subtests were passed, and com-
prehension of verbal labels was comparatively limited. Seventh and
tenth graders, by contrast, showed increasing competence with verbal
labels and a wider range of performance on concept attainment and uses.
The correlations for these grade groups indicate, in general, a positive
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TABLE 18

PEARSON PRODUCT-MOMENT CORRELATIONS BETWEEN MEAN VOCABULARY SCORES AND MEAN SCORES
ON. CONCEPT LEVELS, CONCEPT USES, AND COMBINED LEVELS AND USES

Grade Group N Four Concept Three Concept Combined Levels
Levels Uses and Uses
1st 57 -.19 .22 -.12
4th 82 .26% .17 o 29%%
7th 87 55%% .49%* .62%*
10th 87 .64%* . 39%%* «60%*
All Grades 313 .58%* .59%* .68**
All Boys 162 «59%* <61** .68%*
All Girls 151 «55%* e S6** .66%*
*p < .05
**p < .01

and substantial relationship between test performance and vocabulary
scores. Eight of the nine correlations obtained for fourth, seventh,
and tenth grade groups were statistically significant from zero at or
beyond the .05 level.

Correlations for the total subject population, as well as for all
boys and all girls, were also quite high. The correlation was .58
between overall performance on concept level subtests and overall per-
formance on the vocabulary subtest. The correlation between overall
performance on three concept uses and vocabulary scores was .59 and
between overall performance on combined levels and uses and vocabulary
scores, .68. Each of these three correlations was statistically sig-
nificant from zero at or beyond the .0l level, as were correlations for
all boys and all girls. The expected relation between vocabulary pro-
ficiency and concept attainment and use specified in our two final
predictions is clearly supported by the correlational data.
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RESULTS OF CLD ASSESSMENT SERIES II: CUTTING TOOL

OVERVIEW

This chapter will be devoted to presentation and analyses of data
obtained from the cutting tool battery in order to test each of the
eight CLD predictions concerning conceptual development. First, a
short description of the child population and specific criteria used
for determining full attainment on each subtest of the battery are pro-
vided.

CHILD POPULATION

Table 19 presents mean ages and age ranges for the 310 children who
participated in Assessment Series II. Within each grade group, data are
presented for all subjects and then for boys and girls separately.

Total number of children varied at each grade group: 57 first graders,
81 fourth graders, 85 seventh graders, and 87 tenth graders participated
in the assessment. Age range varied from 13 months, in the fourth-grade
group, to 16 months in the seventh- and tenth-grade groups; mean age and
age range for boys and girls within grade group vari~d very little.

CRITERIA FOR FULL ATTAINMENT

Criteria for full attainment of each of the first three concept
levels and three uses followed the -—onvention described earlier of
permitting only one error within the items of any one subtest. Table 20
specifies these criteria. At tho formal level the criterion for attain-
ment required correct responses on 15 of the total 18 items; i.e., about
80 percent of the combined formal subtest items were required for full
mastery.

PROPORTIONS OF EACH GRADE GROUP CONFORMING TO THE PREDICTED INVARIANT
SEQUENCE

Descriptive data will be presented in this section in order to
evaluate the first prediction derived from the CLD model. Since sequence
of attainment of the four concept levels is presumed to be invariant,
only five patterns of attainment are acceptable. The number and propor-
tion of children at each grade group who attained the successive levels
in the five patterns consistent with the CLD model are presented in the
first five rows of Table 21.
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TABLE 19

NUMBER OF CHILDREN, MEAN AGE, AND AGE RANGE AT EACH GRADE GROUP

Grade Number Mean Age Age Range
(in years and months) (in years and months)
1 Total 57 7- 1 6-6 to 7-8
Boys 33 7- 1 6-6 to 7-8
Girls 24 7- 1 6-6 to 7-6
4 Total 81 10- 1 9-6 to 10-7
Boys 50 10- 1 9-7 to 10-7
Girls 31 10~ O 9-6 to 10-6
7 Total 85 13- 0 12-4 to 13-8

Boys 34 13- 1 12-5 to 13-8
Girls 51 13- 0 12-4 to 13-8.
10 Total 87 15-10 15-4 to 16~8
Boys 42 15-10 15-4 to 16-8
Girls 45 15-10 15-4 to 16-8

Tables 22 and 23 present the same data for boys and girls sepa-
rately. Chi-square tests were performed at the .05 level of statistical
significance to discover if any sex differences existed in the subtotals
of children conforming to the five predicted patterns of attainment. No
statistically significant sex differences were observed within grade
groups or for all grade groups combined. Therefore, the remainder of
this section will deal with Table 21, combining data for boys and girls.

No children failed all four levels and none passed the concrete
level, failing the three higher levels. Seven children passed concrete
and identity, but failed classificatory and formal levels. Children
who passed the three lower levels but failed formal numbered 108, and
an additional 181 children passed all four concept levels. Thus a total
of 296 children, or 95 percent, conformed to the predicted invariant
sequence of attainment on the cutting tool battery. Reading across the
columns of Table 21 that summarize performance within grade group, it
is apparent that the percentage of children attaining the concept in
accord with the model's prediction was very close: 96 percent of the
first graders, 98 percent of the fourth graders, 93 percent of the
seventh graders, and 95 percent of the tenth graders conformed. The
remainder of Table 21 shows the number and proportion of children




TABLE 20

NUMBER OF ITEMS AND CRITERIA DEFINING FULL ATTAINMENT
FOR EACH CONCEPT LEVEL AND USE

Subtest Number of Criteria for Full
Items Attainment
1. Concrete 8 7 correct
2. Identity 8 7 correct
3. Classificatory 8 7 correct
4. Formal
. Discrim. Attri 6 .
a im. Attributes 15 items correct
b. Labels 5 or approximately
c. Evaluating Defining Attributes 6 80% of gomblned
Formal items
d. Definition 1
5. Principle 5 pairs 4 correct
6. Problem Solving 5 4 correct
7. Supraordinate-Subordinate 4 pairs 3 correct

O
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whose performance followed each of the 11 patterns of attainment that
are not cOnsistent with the model. Five percent (14 subjects) «f the
total 310 children departed from the predicted sequence of atta;.nment
and these children fell in six of the eleven possible deviating patterns.
Eight subjects passed the formal level after failing the classificatory
level. These children were distributed equally over the seventh and
tenth grades.

Table 24 presents frequencies of subjects for each pattern of excep-
tion observed in the present assessment and number of items correct at
each concept level for which attainment criterion was not met. Exami-
nation of these protocols may help to explain their occurrence. Inspection
of Table 24 reveals that of the eight children who attained the concept
levels in the PPFP pattern of exception, five just barely missed meeting
the mastery criterion by passing six items when seven items were required.
The remaining three subjects fell somewhat farther short of criterion.

The first grader in the FFPF pattern of exception missed criterion
for attainment of the concrete level by passing five items when seven
were required. This same child passed six of the seven items required
for attainment at the identity level.

The remaining five cases of deviation just barely missed criterion
for mastery ai. an earlier level, as shown in Table 24. In each case,
six items Were passed when seven were required.



TABLE 21

NUMBER AND PROFORTION OF FOUR GRADE GROUPS CONFORMING AND
NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT

. 1st 4th 7th loth | All Grades
Pass-Fail Sequence
(n=57) (n=81) (n=85) (n=87) (N=310)
FFFF 0 0 0 0 0
.00 .00 .00 .00 .00
PFFF 0 0 0 0 0
.00 .00 .00 .10 .00
PPFF 3 2 2 0 7
.05 .02 .02 .20 .02
PPPF 44 35 25 4 108
77 .43 «29 .05 .35
PPPP 8 42 52 79 181
.14 .52 .61 .91 +58
Subtotal Conforming 55 79 79 83 296
.96 .98 .93 .95 .95
FFFP 0 0 0 0 0
.00 .00 .00 .00 .00
FFPF 1l 0 0 0 1
.02 .00 .00 .00 .00
FFPP 0 0 0 0 0
.00 .00 .00 .00 .00
FPFF 1l 0 0 0 1
.02 .00 .00 .00 .00
FPFP 0 0 0 0 0
.00 .00 .00 .00 .00
FPPF 0 0 0 0 0
.00 .00 .00 .00 .00
FPPP 0 0 . o 1
.00 .00 ool .00 —"‘ .00
PFFP 0 0 0 0 0
.00 .00 .00 .00 .00
PFPF 0 1 1 0 2
.00 .01 .01 .00 .0l
PFPP Q 1 0 0 1
o (322 .01 .00 .00 .00
PPFP 0 0 4 4 8
.00 .00 .05 .05 .03
Subtotal Not Conforming 2 2 6 4 14
.04 .02 .07 .05 .05
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TABLE 22

NUMBER AND PROPORTION OF BOYS AT THE FOUR GRADE GROUPS CONFORMING
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT

. 1st 4th 7th 10th All Grades
Pass~Fail Seguence

(n=33) (n=50) (n=34) (n=42) (N=159)
FFFF 0 0 0 0 0
.00 .00 .00 .00 .00
- PFFF 0 0 0 0 0
.00 .00 .00 .00 .00
PPFF 3 2 0 0 5
.09 .04 0T .00 .03
PPPF 24 20 9 1 54
.73 .40 .26 .02 .34
PPPP 5 26 21 40 92
.15 .52 .62 .95 .58
Subtotal Conforming 32 48 30 41 151
.97 .96 .88 .98 .95
FFFP 0 0 0 0 0
.00 .00 .00 : .00 .00
FFPF 1 0 0 0 1
.03 .00 .00 .00 .01
FFPP 0 0 0 0 0
.00 .00 .00 .00 .00
FPFF 0 0 0 0 0
.00 .00 .00 .00 .00
FPFP 0 0 0 0 0
.00 .00 .00 .00 .00
FPPF 0 0 0 0 0
- .00 .00 .00 .00 .00
FPPP 0 0 1 0 1l
.00 .00 .03 .00 .01
PFFP 0 0 0 0 0
.00 .00 .00 .00 . .00
p: 0 1 1 0 2
.00 .02 .03 0C . .01

!

PFPP 0 1 0 0 | 1
. .00 .02 .00 .00 : .0l
PPFP r 0 0 2 1l 3
.00 .00 .06 .02 .02
Subtotal Not Conforming 1 2 4 1l 8
.03 .04 .12 .02 .05




TABLE 23

NUMBER AND PROPORTION OF GIRLS AT THE FOUR GRADE GROUPS CONFORMING
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT

Pass-Fail Sequence 1st 4th 7th 10th All Grades
(n=24) (n=31) (n=51) (n=45) (N=151)

FFFF 0 - 0 0 0 0
.00 .00 .00 .00 .00
PFFF 0 0 0 0 0
) .00 .00 .00 .00 .00
PPFF 0 0 2 0 2
.00 .00 .04 .00 .01
PPPF 20 15 16 3 54
.83 .48 .31 .07 .36
PPPP 3 16 31 39 89
.13 .52 .61 .87 .59
Subtotal Conforming 23 31 49 42 145
.96 1.00 .96 .93 .96
FFFP 0 0 0 0 0
.00 .00 .00 .00 .00
FFPF 0 0 0 0 0
.00 .00 .00 .00 .00
FFPP 0 0 0 0 0
.00 .00 .00 .00 .00
FPFF 1l 0 0 0 1
.04 .00 .00 .00 .01
FPFP 0 0 0 0 0
.00 .00 .00 .00 .00
FPPF 0 0 0 0 0
.00 - 00 .00 .00 .00
FPPP 0 0 0 0 0
.00 .00 .00 .00 .00
PFFP 0 0 0 0 0
.00 .00 .00 .00 .00
PFPF 0 0 0 0 0
.00 .00 .00 .00 .00
PFPP 0 0 0 0 0
.00 .00 .00 .00 .00
PPFP 0 0 2 3 5
.00 .00 .04 .07 .03
Subtotal Not Conforming 1 0 2 3 6
.04 .00 .04 .07 .04
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TABLE 24

FREQUENCIES OF SUBJECTS ACCORDING TO PATTERN CF EXCEPTION
AND ITEMS CORRECT AT EACH CONCEPT LEVEL NOT ATTAINED

N Pattern of Exception Number of Items Correct on Concrete Subtest {7 required)

0 1 2 3 4 5 6

"1 FFPF 1
1 FPFF 1
"1 FPPP 1

Number of Items Correct on Identity Subtest (7 required)

0 1 2 3 4 5 6
1 FFPF 1
2 PFPF 2
1 PFPP 1

Number of Items Correct on Classificatory Subtest (7 required)
0 1 2 3 4 5 6
8 PPFP 1 2 5

In summary, the majority of the 14 non-confor- ing children fell in
patterns of exception because they just barely m’ ised criterion for attain-
ment on a lower subtest. Such cases are probal.y most reasonably explained
as consequences of measurement error, stringency of criteria, or both.

Those cases that fell far short of criterion we ascribe, at least for the
present, tc inattentiveness or to misunderstanding of the test instructions.

PREDICTED SEQUENCE OF CONCEPT ATTAINMENT AND DIFFICULTY OF THE LEVELS

In this administration of the cutting tool battery, it was not

possible to statistically confirm that conformity to the predicted

- sequence of attainment was not merely due to increasing difficulty of
the successive subtests unrelated to the increasingly complex cogni-
tive operations. It was noted that fewer than five subjects were
expected to follow each of 12 of the 16 patterns. Therefore, it was
statistically inappropriate to perform the Chi-square goodness-of-fit
test due to the insufficient cell frequencies.

PROPORTION OF GRADE GROUPS ATTAINING THE FOUR LEVELS

The number and proportion of each grade group that fully attained
each concept level are presented in Table 25. Tables 26 and 27 present
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TABLE 25

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY
MASTERED EACH LEVEL OF ATTAINMENT: ALL SUBJECTS

Grade Concrete Identity Classificatory Formal

1st (n=57)

Number 55 56 53 8
Proportion «96 .98 .93 .14
4th (n=81)

Number 81 79 79 43
Proportion 1,00 .98 .98 53
7th (n=85)

Number 84 84 79 57
Proportion .99 «99 .93 «67
10th (n=87)

Number 87 87 83 83
Proportion 1,00 1.00 .95 .95
All Grades (N=310)

Number 307 306 294 191
Proportion .99 .99 «95 62

the same data separately for boys and for girls. Chi-square tests were
used to find out if any statistically significant sex differences occurred
in attainment of the concept levels. These tests revealed that within
grade groups and for all grade groups combined only one statistically
significant difference in mastery existed. At the identity level the Chi-
square for all grade groups combined indicated superior attainment for
girls at the .05 level of significance (x2 = 3.85, af. = 1).

Since no strong, systematic sex differences were found, the data in
Table 25 were used to evaluate our second and third interrelated predic-
tions regarding invariart sequence of attainment. Prediction two states
that within grade group the percentage of children passing each successive
level of attainment will decrease, and the third prediction meintains that
the percentage of children passing any given levei will increase as a
function of increasing grade group.

Inspection of the row entries of Table 25 shows that within each
grade group, as predicted, fewer children, in general, attained concept
levels as the levels increased in difficulty. One minor reversal occurred
at the first-grade group: 96 percent of the children attained the concrete
level and 98 percent attained the identity level. 1In fact, performance of
all children is equally proficient at the concrete and identity levels;
the decline occurs only when proceeding from identity to classificatory to
formal levels.
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TABLE 26

NUMBER AND PROPORTION GF BOYS AT EACH GRADE GROUP
WHO FULLY MASTERED KACH LEVEL OF ATTAINMENT

Grade Concrete Ide atity Classificatory Formal
1st {n=33)
Number 32 32 30 5
- Proportion .97 .97 .91 .15
4th (n=50)
Number 50 48 48 27
Proportion 1.00 .96 .96 .54
7th (n=34)
Number 33 33 32 24
Proportion .97 .97 .94 .71
10th (n=42)
Number 42 42 41 41
Proportion 1,00 1.00 .98 .98
All Grades (N=159)
Number 157 155 151 97
Proportion .99 .97 .95 .61

Cochran Q tests were used to discover if the proportions of subjects
fully attaining the four concept levels differed significantly within
each of the four grade groups. Significance of the differences among the
proportions for three of the four grade groups was beyond the .001 level
[Q = 131.04, first grade; 101.10, fourth grade; 58.59, seventh grade, (df.
= 3)]. At the tenth grade, the difference among the proportions was sig-
nificant beyond the .05 level [Q = 8.00 (df. = 3)]. McNemar tests were

- run at the .05 level of significance to find out where specific differences
in attainment among the four levels occurred within each of the four grade
groups. Six comparisons were possible: concrete with (1) identity, (2)
classificatory, and (3) formal; identity with (4) classificatory and (5)
formal; finally classificatory with (6) formal. 1In the first- and fourth-
grade groups, the significant differences were between each of the first
three levels when compared to the formal level. In the seventh grade
group, only the comparison between concrete and identity failed to reach
statistical significance and in the tenth grade group no comparisons
were significantly different. 1In each of the statistically significant
comparisons, fewer children -ttairn.d the higher concept level. These
findings provide strong evidunce for the prediction that at any given
grade group fewer childreu fully attain the successive concept levels.
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TABLE 27

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT

Grade Concrete Identity Classificatory Formal

1st (n=24)

Number 23 24 23 3
Proportion .96 1.00 .96 .12
4th (n=31)

Number 31 31 31 16
Proportion 1.00 1.00 1.00 .52
7th (n=51)

Number 51 51 47 33
Proportion 1.00 1.00 .92 «65
10th (n=45)

Number 45 45 42 42
Proportion 1.00 1.00 .93 «93
All Grades (N=151)

Number 150 151 143 94
Proportion «99 1.00 .95 «62

The columns of Table 25 are relevant to the second prediction
addressed in this section. The percentage of children passing any
given level of concept attainment should increase as a function of
increasing grade group. Inspection shows, however, that at the first
three concept levels mastery was about equally proficient regardless
of grade group. In addition, at the classificatory level reversals to
the prediction occurred: The percentage of fourth graders attaining
the concept surpassed both the seventh and tenth grades in percentage
of attainment. Only at the highest level of attainment did the data
conform to the predicted progression: 14 percent of first graders, 53
percent of fourth graders, 67 percent of seventh graders, and 95 per-
cent of t=nth graders mastered the cutting tool concept at the formal
level.

Chi-square tests were used to determine whether the proportions of
individual grade groups passing each of the four levels of concept
attainment differed significantly from the proportions of the combined
grade groups passing each of the four levels. Not unexpectedly, only
one Chi-square, at the formal level, achieved statistical significance
(x2 = 100.11, df. = 3, p < .001). A Chi-square analog to Scheffé's
theorem was used to discover where differences among grade groups in
attainment of the formal level were significant at the .05 level.
Results showed that formal level mastery differences were significant
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between all grade pairs, except fourth and seventh. We must conclude,
then, that the prediction regarding increased mastery of any given
concept level with increasing grade group has not received unequivocal
support although there is statistical corroboration at the formal level.
Explanation for the lack of consistent evidence for the prediction un-
doubtedly lies in the facility with which children of all grade groups
mastered the cutting tool concept. That is, lack of evidence for
progressive attainment of concept leveis with increasing grade group
reflects a "ceiling effect," such that most children from first to
tenth grade have mastered the cutting tool concept to the classificatory
level. For example, 93 percent of even the very youngest children fully
attained the concept at the classificato.y level; virtually no vari-
ability occurred across grade groups in attainment of concrete and
identity levels, and very little at the classificatory level. The
marginal evidence in support of prediction three must, of course, be
interpreted within the context of the particular concept being assessed.

RELATIONSHIP BETWEEN FULL ATTAINMENT OF VARIOUS LEVELS AND USES

Predictions four and five deal with the relationship between level
of concept attainment and use of the concept. The former specifies
that individuals who have attained a concept only to the concrete or
identity level may be able to use that concept in cognizing simple per-
ceptual relationships among concepts and in solving problems of a per-
ceptual kind, but that they will not be able to use the concept¢ in under-
standing supraordinate-subordinate relationships, understanding more
complex principles, or in solving more complex problems. The fifth pre-
diction is that concept uses will be mastered by a larger percentage of
children attaining the formal level, compared to those children whose
highest level of attainment is classificatory.

The first half of Table 28 is relevant to the fourth prediction.
(Tables 29 and 30 show these data separately for boys and girls. Pre-
liminary Chi-square tests conducted at the .05 level of statistical
significance revealed no sex differences among identity level attainers
in mastery of uses.) No children passed concrete as their highest level
of attainment. Eight children passed identity as their highest level
and among these children two instances of mastery on uses subtests
occurred (one supraordinate-subordinate and one problem solving). The
same child was responsible for these two instances of mastery of uses.
Further detailed examination of the performance of this child showed
that he just barely missed attainment at the classificatory level. The
criterion permitted one error; this child missed two items. Concept
uses mastery by this identity level attainer thus is due to near-mastery
at the classificatory level.

Comparing performances of individuals attaining the classificatory
level with thc attaining the formal level permits an evaluation of
the fifth prediction. The second half of Table 28 presents the relevant
data. Chi-square tests, conducted at the .05 level of statistical sig-
nificance, disclosed that among the classificatory level attainers no
sex differences existed in mastery of uses subtests. Among formal level
attainers, however, one of the three Chi-squares was statistically sig-
nificant indicating superior performance for girls. More formal level
girls attained the supraordinate-subordinate subtest when compared to
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formal level boys (x2 = 4.03, df. = 1). From Table 29, we find that of
the 57 boys attaining the classificatory level, 27 (47 percent) mastered
supraordinate-subordinate; 1 (2 percent) mastered principles; and 22 (39
percent) mastered problem solving. Of the 97 formal level attainers, 75
percent mastered supraordinate-subordinate; 44 percent, principles; and

85 percent problem solving. Table 30 reveals that of the 54 classifi-
catory level girls, 31 (57 percent) mastered supraordinate-subordinate;

5 (9 percent) mastered principles; and 26 (48 percent) mastered problem
solving. Of the 94 formal level girls, 88 percent mastered supraordinate-
subordinate; 54 percent, principles; and 78 percent, problem solving.

Chi-square tests, run separately on data for boys and for girls,
confirmed a significant overall advantage in attainment of uses (beyond
the .00l level) for children performing at the formal level, compared to
those performing at the classificatory level, Results for boys were as
follows: x2 = 14.40, supracrdinate-subordinate; 31.89, principles; 34.56,
problem solving (df. = 1). Results for girls were as follows: x2 = 18.49,
supraordinate-subordinate; 28.35, principles; 14.63, problem solving; (af.
=1).

In summary, data obtained from the cutting tool assessment battery
support both predictions addressed in this section: attainment at only
concrete or identity levels restricts use of the concept; attainment at
the formal level, compared to the classificatory level, renders strong
advantage in using a concept.

DIFFICULTY OF THE THREE USES

The sixth prediction of the CLD model holds that performance on the
uses subtests will improve as a function of increasing grade group.
Table 31 presents the number and proportion of children at each grade
who fully mastered each of the three concept uses: supraordinate-
subordinate, principles, and problem solving, To determine if any statis-
tically significant sex difference existed, preliminary Chi-square tests
were conducted using Tables 32 and 33, which present data separately for
boys and for girls. Two of the 15 Chi-squares were significant at the .05
level: tenth-grade boys performed better than tenth-grade girls on the

problem solving subtest (x2 = 4.82, df. = 1) and at all grade groups com-
bined, girls performed better than boys on the supraordinate-subordinate
subtest (x2 = 4.24, df. = 1). Since only two sex differences were

detected, subsequent analyses used the combined data in Table 31.

In accord with the prediction, there was a consistent improvement in
performance of each use subtest in each higher grade. Chi-square tests
were used to find the significance of the difference between the propor-
tions of individual grade groups passing each of the three uses and the
. roportions of the combined grade groups passing each of the three concept
uses. The difference in the proportions of subjects attaining each of the
uses was significant beyond the .00l level [x2 = 48.44, supraordinate-
subordinate; 97.68, principles; 93.27, problem solving (df. = 3)]. A Chi-
square analog to Scheffé's theorem was performed between all pairs of
grade groups to discover where the differences in performance on the uses
subtests were significant at the .05 level. Statistically significant
findings were as follows: on the supraordinate-subordinate subtest, per-
formances of the fourth-, seventh-, and tenth-grade groups each superior
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TABLE 31

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY
MASTERED EACH OF THE THREE CONCEPT USES: ALL SUBJECTS

’

Grade Supraordinate~Subordinate Principle Problem Solving

1st (n=57)

Number 20 0 7
Proportion «35 .00 12
4th (n=81)

Number 54 58
Proportion .67 .10 072
7th (n=85)

Number 68 32 67
Proportion .80 .38 .79
10th (n=87)

Number 75 59 73
Proportion .86 .68 .84
All Grades (N=310)

Number 217 99 205
Proportion .70 32 66

to that of the first graders; tenth graders were also superior to fourth
graders in attainment on this subtest. On the principles subtest, all
pair-wise comparisons were significant except that between first and
fourth grades. On the problem solving subtest three of the six compari-
sons were significant: the fourth-, seventh-, and tenth-grade groups each
surpassed the first graders in meeting the criterion for full attainment.

In summary, the data clearly support the prediction of increasing
mastery of uses as grade group increases.

ATIONSHIP BETWEEN VOCABULARY DEVELOPMENT ANL ATTAINMENT OF CONCEPT
«. .ELS AND USES

The final section of this chapter is addressed to the last two pre-

dictions regarding the relationship between vocabulary proficiency and
attainment of levels and performance on the uses subtests. Vocabulary
scores and scores based on the attainment of the four levels and three
uses are predicted to show a positive correlation within grade groups.
The same scores should also show a positive and higher correlation across
combined grade groups. In order to compute correlation coefficients, the
same scaling system was used for cutting tool as that described in Chapter
III for equilateral triangle.
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TABLE 32

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP WHO FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grade Sypraordinate~Subordinate Principle Problem Solving

1st (n=33)

Number 13 0 2
. Proportion .40 .00 .06

4th (n=50)

Numb=r 30 3 37

Proportion .60 .06 .74

7th (n=34)

Number 25 12 27

Proportion .74 «35 .79

10th (n=42)

Number 35 29 39

Proportion .83 .69 .93

Bll Grades (N=159)

Number 103 44 105

Proportion .65 .28 .66

Table 34 presents means and standard deviations, based on the
scaled scoring system, for levels, uses, combined levels and uses, and
vocabulary scores at each grade group, for combined grade groups; and
for all boys and all girls separately. Performance on the six~-item
vocabulary test of the cutting tool assessment battery indicates some
slight improvement consistently occurred with increasing grade group.
Data in Table 34 demonstrate consistent increasing cttainment on

- concept levels and combined levels and uses with increasing grade
group. Mean scCaled scores on concept uses show the same sort of
pattern as that for vocabulary. These data, of course, parallel the
findings already discussed in earlier sections. Mean scores for boys
and girls were very similar, with girls' scores slightly higher on
every measure.

Pearson product-moment correlations were ralculated between scores
on the vocabulary test and scores on (1) concept level, (2) concept
uses, and (3) combined levels and uses. Correlations for each grade
group, overall drade groups, and for all boys and all girls, are shown
in Table 35. They were used to evaluate our final two predictions.

No statistically significant differences were found between the three
sets of correlations for boys and girls. Eight of the 12 correlations
within grade groups were sufficiently high to achieve statistical
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TABLE 33

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP WHO FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grage Supraordinate~Subordinate Principle Problem Solving

1st (n=24)

Nurber 7 0 5
Proportion .29 .00 .21
4th (n=31)

Number 24 5 21
Proportion .77 .17 .68
7th (n=51)

Number 43 20 40
Proportion .84 .39 .78
10tk (n=45)

Number 40 30 34
Proportion .89 .67 76
All Grades (N=151)

Number 114 55 100
Proportion .75 .36 .66G

significance from zero at or beyond the .0l level. One additional
correlation was significant at the .05 level.

Correlations obtained for the total subject population were
consistently greater in magnitude than those within grade groups, and
all were statistically significant from zerc at or beyond the .0l lavel,
as were correlations for boys and for girls. The correlaticn between
vocabulary and overall performance in concept levels subtests was .55;
vocabulary correlated .47 with overall performance on concept uses, and
.57 with overall performance on levels and uses. In general, the pre-
dicted relationship between vocabulary oroficiency and concept attain-
ment and use has been supported by these data.
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TABLE 4

MEANS AND STANDARD DEVIAT1ONS FOR If¥#4:%'YED CONCEPT LEVELS, CONCEPT USES,
COMBINED LEVELS AND USES, AWD “ILCABULARY AT EACH GRADE GROUP

Concept Con Levels
) Levels: U: and Uses: Vocabulary:
Grade N (Maximum (Ma: (Maximum (Maximum
Score, 4) Scor Score, 7) Score, 6)
’ “'um s.o.' M s.n.’ m S.D. m
1st g 02 .58 .47 .60 3.49 .97 3.60 1.28
4th 8 -.48 .57 1.48 .79 4.97 1.10 4,46 .96
7th 85 3.58 .56 1.96 .85 5.54 1.19 4.68 .74
10tn 87 3.91 .29 2.38 .89 6.29 1.02 4.92 .31
Bl) Grades 310 3.54 .59 1.68 1.04 5.22 1.44 4.49 .96
All Boys 159 3.53 .61 1.60 1.03 5.13 1.44 4.41 1.00
All Givls 151 3.56 .56 1.77 1.05 5.32 1.44 4.58 .91
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TABLE 35

PEARSON PRODUCT-MOMENT CORRELATIONS BETWEZN MEAN VOCABULARY SCORES AND MEAN SCORES
ON CONCEPT LEVELS, CONCEPT USES, AND COMBINED LEVELS AND USES

Grade Group N Four Concept Three Concept Combined Levels
Levels Uses and Uses
1st 57 cA2%W «37%% .48%*
4th 81 - SO** .22% . 42%*
7th 85 c44*% «40%* c49%*
10th 87 .04 .11 .11
All Grades 310 S55%* C4T** L57**
All Boys 159 SSTR% c44%* .56%*
All Girls 151 53%* S0** s 5T7%*
*p < .05
**% . < 01
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RESULTS OF CLD ASSESSMENT SERIES III: NOUN

- OVERVIEW

In this chapter the child population is briefly described. Specific
criteria employed in the study for full attainment of each subtest of the
noun battery are also reported. Results of the assessement as they per-
tain to each of the specific predictions derived from the CLD model,
comprise the major portion of the chapter.

CHILD POPULATION

Table 36 presents mean ages and age ranges of the 309 children who
participated in Assessment Series III. At each grade ¢roup, data are
presented separately for boys and girls, as well as for all children
Number of children varied from 57 in the first-c¢rade group to 87 i
the tenth-grade group. Mean ages and age range for oys &ud girls
within any single grade group varied little; age range of child:en
within each grade varied from 13 months for fourth graders tu 16 morths
for the seventh and tenth graders.

CRITERIA FOR FULL ATTAINMENT

Critecia for full attainment of each of the first threc concept
levels and the three concept uses followed the conventiocn of permitti-c
only onrie error within the items of any one subtest. These criteria are
specified exactly in Table 37. At the formal level, the cri*ericn for
attainment required correct responses on 20 of the 25 items, 20 percerni
of the combined formal subtest items were required fcr full rastery.

PROPORTION OF EACH GRADE GROUP CONFORMING TO THE PREDICTLE [NVARIANT
SEQUENCE

In accord with the first prediction derived from the CLD niel,
the number of acceptabl pass/fail patterns for the four concent levels
is limited to five. These five accentable patterns of attaini = con-
cept levels are presented in Table 38, along with the number «nd
proportion of each grade group observed in each pattern. The laslL 11
rows of Tahle 38 list all possible patterns of attainment of the four
concent l.vels that are not consistent with the CLD model. Insp “tion
shows that all except 5 of the 309 children who participated in the

86
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TABLE 36

NMUMBER OF CHILDREW, MEAN AGE, AND AGE PANGE AT EACH GRADE GROUF

Grade Numbe Mean age Age Range
(in years and mont!is) (11 years and monthg)
1 Total 57 7- 3 6-8 to 7-10
Boys 33 7- 3 6~ to 7-10
Girls 24 7- 3 6-8 to 7- 8
4 Total 80 10- 3 9-8 to 10- 9
Boys 50 10- 3 9-9 to 10- 9
Girls 30 10- 2 9-8 to 10- 8
7 Total 85 13- 2 12-6 to 13-10
Boys 34 13- 3 12-7 to 13-10
Girls 51 13- 2 12-6 to 13-10
10 Total 87 16- ¢ 15-6 to 16-10
Boys 42 16- C 15-6 to 16-10
Girls 45 16- 0 15-6 to 16-10
assessment of noun followed one of the five accer .le ratterns.

Tables 39 and 40 present the same data for readers vhc wish to inspect
these results separateiy by sex. Percentayes of boys and girls in

each of the expected patterns are very comparable. No significant

sex differences were observed in proportions following acceptable

versus non-acceptable patterns. Table 38, combining data across sex,
shows that 38 percent of all children were observed in the PPPF pattern,
34 per:ent in PPFF, 21 percent in PPPP, 5 percent in PFFF, and 1 percent
in FFFF. Within grade groups, 100 percent of the first and the fourth
graders, 99 percent of the seventh graders, and 95 percent of the tenth
Jradcoz conformed to predicted patterns.

Table 41 presents frequencies of subjects to each non-counforming
patizin and number of items correct at each concept level for which
criterion w2s ot met. Examination of these protocols is useful for
suggesting why these children deviated from the predicted invariant
sequence of attainment. Inspection of Table 41 shows that of the five
children who attained the concept levels in the PPFP pattern of excep-
tion, four just missed meeting the classificatory mastery criterion
by passing six items when seven items were required. The other subject
passed five ci the required seven items. These few deviations are

8%
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TABLE 37

NUMBER OF ITEMS AND CRITERIA DEFINING FULL ATTAINMENT
FOR EACH CONCEPT LEVEL AND USE

Subtest Number. of Criteria for Full
Items Attainment
1. Concrete 8 7 correct
2. Identity 8 7 correct
3. Classificatory 8 7 correct
4. Formal
a. Di ,crim. Attributes 7 20 items correct
b. Labels 9 or approximately
. .. . 80% >f combined
. luating Defining Attributes 8 .
¢ Evalu £l ining ib Formal items
d. Definition 1
5. Principle 5 pairs 4 correct
6. Problem Solving 5 4 correct
7. Supraordinate~Subordinate 4 pairs 3 correct

probably most reasonably explained as consequences of measurement error,
stringency of criterion, or both.

PREDICTED SEQUENCE OF CONCEPT ATTAINMENT AND DIFFICULTY OF THE LEVELS

The LD hypothesis is that the sequence of attainment is invariecat
because each Successively higher councept leval requires the use of one
Or more increasingly complax cognii .o operat:izns. As a consequence,
the items and the tota. gubtest at each successive level are more diffi-
c.'t. It might be ~: :u2d that the invariant sequence of attainment is
not a function ¢f difficulty determinegd by increasingly complex cogni-
tive operations at the Successive concept levels, concrete through
formal, but that it is simply a function of increasing te. - i‘em diffi-
culty unrelated to the operations. 1In order to ensure that thi¢ number
of subjects conforming and not conforming to the predicted sequence
was not merely due incre - sing difficulty of the successive subtests
unrelated to the more compl.x operations, a ste*tistical pProcecure
accounting for independent difficulty level was applied to data from
the present assessment.
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NUMBER AND PROPORTION OF FOUR GRADE GROUPS CONFORMING AND

TABLE 38

NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT

. 1st 4th 7th 10th All Grades
Pasg-Fail Sequence

{n=57) (n=80) (n=85) (n=87) (N=309)
FFFF 3 0 0 0 3
.05 .00 .00 .00 .01
PFFF 14 0 0 0 14
.25 .00 .00 .00 .05
PPFF 40 40 17 8 105
.70 .50 .20 .09 .34
PPPF 0 34 50 32 116
.00 .43 .59 .37 .38
PPPP 0 6 17 13 66
.00 .08 .20 . 19 «21
Subtotal Conforming 57 80 84 83 304
1.00- 1.00 .99 .95 .98
FFFP 0 0 0 0 0
.00 .00 .00 .00 .00
FFPF 0 0 0 0 0
.00 -0 .00 .00 .00
ET0P 0] 0 0 0 0
_ .00 .00 .0C .00 .00
Trvmw 0 0] o 0 0
. .00 .00 .00 .00 .00
FPFP 0 0] 0 0 0
.00 .00 .00 .00 .00
FPPF 0 0] 0 0 0
.00 .00 .00 .00 .00
FPPP 0 0 0 0 0
.0 .00 .00 .00 .00
PFFP 0 0] 0 0 0
.00 .00 .00 - 00 .00
PFP™ 0 0 0 0 0
.00 .00 .00 .. 0 .00
PFPP 0 0] 0 0 0
.00 .00 , 00 .00 .00
PPFP 0 0 1 4 5
.00 .00 .01 .05 .02
Subtotal Not Conforming 0 0 1 4 5
.00 .00 .01 .05 .02
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TABLE 39

NUMBER AND PROPORTION OF BOYS AT THE FOUR GRADE GROUPS CONFORMING
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT

. 1st 4th 7th 10th All Grades
Pass-Fail Sequence
(n=33) (n=50) (n=34) (n=42) (N=159)
- FFFF 2 0] 0 0 2
.06 .00 .00 .00 .01
PFFF 10 0 0 0 10
i .30 .00 .00 .00 .06
PPFF 21 35 10 3 69
.64 .70 .29 .07 .43
I "PF 0 13 21 20 54
y .00 .26 .62 .48 034
PPPP 0 2 3 17 22
.00 .04 .09 .40 .14
Subtotal Conformi.g 33 50 34 40 157
1.00 1.00 1.00 .95 .99
FFFP 0 0 0 0 0
.00 .00 .00 .00 .00
FFPF 0] 0 0 0 0
.00 .00 .00 .00 .00
FFPP 0 0 0 0 0
.00 280 .00 .00 .00 ]
FPFF ’ 0 0 0 0 0
_s90 .00 .00 .00 .00
FPFP 0 0 0 0 0
.00 .30 .00 .00 .00
FPPF 0 0 0 0 0
.00 .00 .00 .00 .00
° 1
FT PP 0 . 0 0 n 0
i .00 -0 .00 .00 » 00
r H
- ¥FFP 0 0 : 0 o 0
.00 .00 .00 .00 .00
PEFPF 0 0 0 0 0
.00 .00 .90 ! .00 .00
PEPP 0 0 0 0 0
00 A .00 .90 .00
PEFP 0 v Q 2 2
.00 00 .00 .05 .01
-
Subtotal Not Conforming 0 0 0 2 2
.00 .00 . G0 .05 .01
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TABLE 40

NUMBER AND PROPORTION OF GIRLS AT THE FOUR GRADE GPNL2S CONFORMING
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTZ INMENT

. 1st 4th 7th 10th All Grades
Pass-Fail Sequence
(n=24) (n=30) (n=51) (n=45) (N=150)
FFFF 1 0 0 0 1
.04 .00 .00 .00 .0l
PFF™ 4 0 0 0 4
W17 .00 .00 .00 .03
PPFF 19 5 7 5 36
.79 .17 .14 .11 .24
PPPF 0 21 29 12 62
.00 .70 .57 .27 .41
PPPP 0 4 14 26 44
.00 .13 .27 .58 .29
Subtotal Conforming 24 30 50 43 147
1,00 1.00 .98 .96 .98
FFFP 0 0 0 g 0
.00 .00 .00 .00 .0N
FFPF G ! 0 0 0 0
.00 .00 Gu .00 .00
FFPP 0 0 0 0 0
.00 .00 .00 .00 .00
FPFF 0 0 0 0 0
.00 .00 . 0L .00 .00
FPFP 0 0 0 0 0
.00 .00 .00 .00 .00
FPPF 0 0 v 0 0
.00 .00 .00 .00 .00
FPPP 0 0 0 0 0
.00 .00 .00 .00 .00
PFFP 0 0 0 0 r
.00 .00 .00 .00 .00
PFPF 0 0 0 0 0
.00 .00 .00 .00 .00
PFPP ) 0 0 0 0
.00 .00 .00 .00 .00
PPFP 0 0 1 2 3
.00 .00 .02 .04 .02
Subtotal Not Conforming 6] -0 1 2 3
.00 .00 .02 .04 .02
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TABLE 41

FREQUENCIES OF SUBJECTS ACCORDING TO PATTERN OF EXCEPTION
AND ITEMS CORRECT AT EACH CONCEPT LEVEL NOT ATTAINED

N Pattern of Exception Number of Items Correct
on Classificatory Subtest
(7 required)

5 PPFP

Computations were performed usinc the overall gz:de Jroup propor-—
tions passing and failing each of the four subtests sc that a wide range
of conceptual attainment would be obtained. These computations yielded
expected numbers of subjects following each of the 16 possible patterns
of attainment (5 acceptable, 11 unacceptable to the model). It was
noted that fewer than five subjects wer-: expected to follow each of 11
of tha 16 patterns. To meet the requirements of the Chi~square test,
patterns were combined so that the minimum expected number of subjects
in each cell would approximate five. Seven patterns and combinations
of patterns resulted and ware used for the test. A Chi-square goodness-
of-fit test was used tc determine whether the obtained numbei of subjects
who followed these patterns differed significantly from the number of
subjects expected to follow these patterns. The resulting Chi-squeare
provided convincing evidence that the number of subjects following and
not following acceptable ratterns w-s not a function of increacsing
¢ “ficulty of test items unrelated to the operations (x2 = 66,41, p <
.001, df. = 2).

PROPORTION OF GRADE GROUPS ATTAINING THE FO'R LEVELS

This .ection will evaluate evidence for predictions two and three--
closely related predictions which involve the predicted invariant
sequence of concept attainment. Within a given grade group the percent-
age of children rassing each successive le.el of attainment will decrease,
according to prediction two; percentage of children passing any given
lavel will increase as a function of increasing grade group, according to
prediction three. Pertinent data appear in Table 42.
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TABLE 42

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY
MASTERED EACH LEVEL OF ATTAINMENT: ALl SUBJECTS

Grade Concrete Identity Classificatory Formal

itt (n=57)

Number 54 40 0 0]
Proportion .95 .70 .00 .00
4th (n=80)

Number 80 30 40 6
Proportion 1.00 1.00 .50 .08
7th (n=85)

Number 85 85 67 18
Proportion 1.00 1,00 «79 21
10th (n=87)

Number 87 87 75 47
Proportion 1.00 1.00 .86 54
All Grades (N=309)

Number 306 292 182 71
Proportion 99 .95 .59 23

Data in Tables 43 and 44, presenting data separately by sex, were
examined initially to determine if differences existed in frequencies
of boys and girls mastering each concept level. Chi-square tests per-
formed at the .05 level revealed four statistically significant differ-
ences within grade groups and all grades combined. In the fourth-grade
group (x2 = 21.33, df. = 1) and for all grade ¢ oups combined (x2 = 16.67,

df. = 1) more girls attained the classificatory level. Also, in the
seventh grade (x* = 5.18, df. = 1) and for combined grades (x2 = 11.50,
df. = 1), more ¢irls attained the formal level. Due to the sex differences

found in the data, the rexformances of boys and girls will be treated
separately in this section. Table 43 presents the number and proportion
of boys at each grade group and all boys who fully mastered each
concept level. At any single grade group, and in accord with the first
prediction of concern in the present section, the row entries indicate a
consistent decrease in percentage of boys passing the successive levels
of concept attainment. At the fourth-, seventh-, and tenth-grade groups
it is noted that 100 percent of the boys attained both ~oncrete and
identity levels. For all grades combined, decrease in attainment of
levels was marked: concrete, 99 percent; identity, 92 percent; classifi-
catory, 48 percent; formal, 15 percent.

o i 93
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TABLE 43

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT

Grade Concrete Identity Classificatory Formal

1st (n=33)

Num <z 31 21 0 0

- Proportion .94 .64 .00 .00

4th (n=50)

Number 50 50 15 2
Proportion 1.00 1.00 «30 .04
7th (n=34)

Number 34 34 24 3
Proportion 1.00 1.00 .71 .09
10th (n=42)

Number 42 42 37 19
Proportion 1,00 1.00 .88 «45
All Grades (N=159)

Number 157 147 76 24
Proportion «99 .92 .48 «15

Table 44 presents the relevant data for girls. At the fourth,
seventh, and tenth grades it is noted that 100 percent of the girls
attained both the concrete and identity levels. Fo. all grades com-
bined, decrease in attainment was as follows: concrete, 99 percent;
identity, 97 percent; classificatory, 71 percent; formal, 32 percent.

Cochran Q tests were used to discover if the proportions of boys
fully attaining the rfour concept levels differed significantly within

- each of the four grade groups. Significance of the differences among
the proportions for each of the four grade groups was well beyond the
-001 level {Q = 76.42, first grade; 121.12, fourth grade; 74.65,
seventh grade; 55.08. tenth grade (df: = 3)], McNemar tests were run
at the .05 level of statistical significance to determine iwhere
specific differences in attainment & g the four levels occurred in
each of the four grade groups. Six comparisons were possible: con-
crete with (1) identity, (2) classifictory, and (3) formal; identity
with (4) classificz:zory and (5) formal; firally, classificatory with
(6) formal. For first-grade poys, five of the six possible comparisons
differed significantly. fThe only comparisom that was not statistically
significant was classificatory with formal. For the fourth- and seventh-
grade boys, five of the six comparisons differed significantly, the
exception being the concrete with identity comparison at each of these
grade groups. Tor the tenth-grade boys, comparisons of concrete,

94
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TABLE 44

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP
WHO FULLY MASTERED EACH LEVEL OF ATTAIMMENT

Grade Concrete Identity Classificatory Formal

1st (n=24)

Number 23 19 0 0
Proportion «96 - 79 .00 .00
4th (n=30)

Number 30 30 25 4
Proportion 1.00 1.00 .83 .13
7th (n=51)

Number 51 51 43 15
Proportion 1.00 1.00 .84 «29
10th (n=45)

Number 45 45 38 28
Proportion 1.00 1.00 .84 «62
All Grades (N=150)

Number 149 145 106 A7
Proportion .99 .97 .71 .32

identity, and classificatory with formal differed significantly. In all
of the statistically significant comparisons at each grade group, fewer
boys passed the higher ccncept level.

Cochran Q tests showed significant differences among the proportions
of girls for each of the grade groups well beyond the .00l level [Q = 58.57,
firs:- grade; 66.61, fourth grade; 89.08, seventh grade; and 37.55; ienth
grade (df. = 3)]. McNemar tests showed at the first-grade girl gioup four
of the six comparisons differed significantly. The comparisons :that were
not statistically significant were concrete with identity and classifi-
catory with formal. At the fourth-grade group for girls three comparisons
were significant as follows: each concrete, ilentity, and clas. ificatory
with formal. At the seventh-grade group for girls all comparisons except
concrete with identity were significant. Significant comparisons of
formal with each other level occurred at the tenth-grade girl group. 1In
all of the statistically significant comparisons, fewer girls passed the
higher concept level.

Information in the columns of Tables 43 and 44 enables us to deter-
mine whether or not the percentage of children passing any given concept
level increased as a function of increasing grade group. Examination of
Table 43 shows that there was an increase in percentage of boys attaining
that level as grade gruup increased. Exceptions occurred c¢...7 at the
concrete and identity levels, where all boys of the three highest grade
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groups attained the level. Table 44 shows an increase in percentage of
girls attaining the levels as grade group increased. Exceptions occurred
again only at the concrete and identity levels, where all girls of the
threc highest grades attained the level, and at the classificatory level,
where seventh and tenth graders demonstrated equal success.

Chi-square tests were used to determine if the proportions of indi-
vidual grade groups passing each of the four levels of concept attainment
“irffered significantly from the proportions of the combined grade yroups
passing each of the four levels. The differences in proportions of boys
attaining the identity, classificatory, ana formal levels were signifi-
cant well beyond the .00l level [x2 = 49.56, identity; 70.98, classi-
ficatory; 41.49, formal (df. = 3)]. The differences in proportions of
girls attaining the identity, classificatory, and formal levels were
also significant beyond the .00l level [x2 = 27.15, identity; 68.84,
classificatory; 35.5i, formal (df. = 3)). A Chi-square analog to
Scheffé's theorcm was performed to determine where differences between
grade groups in attaiiment of each of the four levels wore significant

at the .05 levr Significant differences for boys were as follows:
at the identi+- * the classificatory levels, fourth, seventh, and
tenth grader: -'irpassed attainment of first graders. Afr the
classificator .y in addition, seventh and tenth graders each sur-
passed attainp of the fourth-grade group. At the formal level,
performanc * 27 iz tenth-grade boys was superior to that ¢f each of

the three I:iu.r grade groups. Significant differences for girls were
as fsllows: at the identity aud the classificatory levels, fourth,

seventh, & ' -.nth graders each surpassed attainment of the first
graders. & tie formal level, performance of the seventh-grade girls
#as super.. " to that of the first-grade girls, and performance of the

venth-grade girls was superior to that of each of the th:> 2e lower grade
groups. Thus, as grade group increased, significantly larger numbers of
children attained each concept level.

As assessed by these data, predicticns two and three, which deal
with difficulty of the successive concept levels, have been supported.

RELATIONSHIP BETWEEN FULL ATTAINMENT OF VARIOUS LEVELS AND USES

The fourth prediction derived from the CLD model states that
children who attain a concept to only the concrete or identity levels
will be able to use that concept only in understanding simple perceptual
relations with other object concepts and in solving simple perceptual
probklems.

From Table 45 it can be observed that of the 14 children whose
highest level of at“ainment was concrete, none passed a uses sub:est.
Of the 105 chiildren whose highest level of attainment was identity,
there were six instances of mastery of uses: one supraordinate-
subordinate; one principles; and four problem solving. Preliminary
Chi-square tests revealed no sex differences in identity le.el
attainers' performance on uses sultests; data for boys and for girls
are presented separately in Tables 46 and 47. We may conclude that
the fourth prediction is supported by data presented in Table 45:
attainment of a concept to the first two levels of mastery severely
limits success in using a concept.
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The fifth prediction derived from the CLD model holds that a
higher proportion of children who attained at the formal level, in
comparison to the classificatory, will master the three concept uses.
The second half of Table 45 summarizes the relevant data. Data in
Tables 46 and 47 were used to determine if any statistically signif-
icant sex differences existed, at the .05 level, in classificatory
level attainers' mastery of uses and in formal level attainers'
mastery of uses. None were found.

Table 45 shows that a total of 116 children mastered the classi-
ficatory level as their highest level of attainment and 71 mastered
the formal level. Comparisons between children attaining at these two
levels, as it influenced success in mastery of uses, is critical to an
evaluation of the fifth prediction.

Of the classificatory attainers, 13 percent mastered the supra-
ordinate-subordinate subtest; 8 percent, principles; and 26 percent,
problem solving. In contrast, of the formal level attainers, 70 per-
cent mastered the supraordinate-subordinate subtest; 58 percent,
principles; and 70 percent, problem solving. Chi-square tests statisti-
cally confirmed a significant overall advantage, well beyond the .001
level, in performance on the uses subtests for children attaining at
the formal level, compared to those whose highest level of mastery was
classificatory [x2 = 64.19, supraordinate-subordinate; 56.18, principles;
35.73, problem solving (df. = 1)].

Both of the prediciEIbns under review in this section received
strong support from descriptive and statistical evaluation. Use of the
noun concept was limited if the conce; was mastered at concrete or
identity levels only. Use of the conc:i: was greatly facilitated by
attainment of noun at the formal level, i.. comparison to attainment at
the classificatory level,

DIFFICULTY OF THE THREE USES

In this section focus will be on whether or not children's perfor-
mance on the uses of the noun concept improved as grade group increased.
Data used to address this sixth prediction are presented in Tables 49
and 50 which summarize the number and proportion of boys and girls at
each grade group that fully mastered each of the three concept uses:
supraordinate-subordinate, principles, and problem solving. Table 48
presents these data for combined sex. Chi-square tests, performed at
the .05 level of statistical significance, revealed superior female
performances for all grade groups combined [x2 = 7.65, supraordinate,
subordinate; 4.93, principles; 11.44, problem solving (df. = 1)]. 1In
addition, at the seventh-grade group, the girls' performances were
superior to those of the boys on the problem solving subtest [x2 = 6.17
(df. = 1)].

Supportive of the preciiction, data for boys, presented in Table 49,
indicate a gradual improvertent in mastery of each use as grade group
increased. On the probiem solving subtest, for example, no first graders,
12 percent of the fourth-grade group, 21 percent of the seventh-grade
group, and 40 percent of the tenth-grade group fully attained this concept
use. For the total population of boys, 15 percent attained supraordinate-
subordinate; 12 percent, principles; 19 percent, problem solving.
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TABLE 48

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY
MASTERED EACH O." THE THREE CONCEPT USES

Grade Supraordinate~Subordinate Principle Problem Solving

1st (n=57)

Number 0 0 0
Proportior. .00 .00 .00
4th (n=80)

Number 6 3 10
Proportion .08 .04 .13
7th (n=85)

Number 13 17 31
Proportion .15 «20 « 36
10th (n=87)

Number 47 31 43
Proportion .54 «36 «49
All Grades (N=309)

Number 66 51 84
Proportion 21 .17 «27

Chi-square tests were used to ascertain statistically significant
differences between the proportions of boys of individual grade groups
passing each of the three uses and the proportion of the boys of com-
bined grade groups passing each of the three uses. The difference in
proportions of boys attaining each of the uses was significant well
beyond the .001 level [x2 = 41.49, supraordinate-subordinate; 21.26,
principles; 22.09, problem solving (df. = 3)]. A Chi-square analog to
Scheffé's theorem was performed between all pairs of grade groups to
determine where the differences in each of the uses were significant
at the .05 level. Results showed that for each of the uses, perfor-
mance of the tenth-grade group was superior to that of the first-grade
group. In acdition, on the supraordinate-subordinate and principles
subtests, a larger number of tenth-grade boys fully mastered this use
than the fourth-grade boys. Results also showed performance of the
tenth-grade boys to be superior to the seventh-grade boys on the
supraordinate-subordinate subtest. Thus, with increasing grade group,
there is statistical evidence for increasing success on uses attainment
and we conclude that the sixth prediction has received strong support
from the data for boys.

Data for girls as shown in Table 50 also show an improvement in
mastery of cach use as grade group increased. On the principle subtest,
for example, no first graders, 7 percent of the fourth-grade group, 22
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TABLE 49

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP WHO FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grade Supraordinate~Subordinate Principle Problem Solving

1st (n=33)

Number 0 0 0
Proportion .00 .00 - 00
4th (n=50)

Number 2 1 6
Proportion .04 .02 .12
7th (n=34)

Number 3 6 7
Proportion .09 .18 .21
10th (n=42)

Number 19 : 12 17
Proportion .45 .29 .40
All Grades (N=159)

Number 24 19 30
Proportion .15 .12 .19

percent of the seventh-grade group, and 42 percent of the tenth-grade
group. For the total populaticih of girls, 28 percent attained supra-
ordinate-subordinate; 21 percent, principle; 36 percent, problem
solving.

Chi-square tests were run to ascertain statistically significant
differences between the proportions of girls of individual grade groups
passing each of the three uses and the proportion of the girls of com-
bined grade groups passing each of the three uses. The differences in
proportions were significant well beyond the .0Cl level [x2 = 40.46,
supraordinate-subordinate; 22.06, principies; 32.16, problem solving
(df. = 3)]1. A Chi-square analog to Scheffé's theorem performed at the
-05 level of significance showed that for each of the uses, performance
of the tenth-grade girls was superior to that of the first- and fourth-
grade girls. In addition, on the supraordinate-subordinate subtest a
larger number of tenth-grade girls fully mastered this use than the
seventh-grade girls. Results also showed performance of the seventh-
grade girls to be superior to each of the groups of girls at the lower
two grades on the problem solving subtest. In summary, statistical
analysis of the data on uses for girls provides support for the pre-
diction that the proportion of children of successively higher grade
groups who master each concept use will increase.

102"



86

TABLE 50

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP WHO FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grade Supraordinate-Subordinate Principle Problem Solving

1st (n=24)

Number 0 0 0
Proportion .00 .00 .00
4th (n=30)

Number 4 2 4
Proportion .13 .07 .13
7th (n=51)

Number 10 11 24
Proportion « 20 .22 47
10th (n=45)

Number 28 19 26
Proportion .62 .42 .58
All Grades (N=150)

Number 42 32 54
Proportion .28 21 «36

RELATIONSHIP BETWcEN VOCABULARY DEVELOPMEi:. AND ATTAIMMENT OF CONCEPT
LEVELS AND USES

The final section of the present chapter is concerned with the last
two of our eight predictions. According to prediction seven, having the
verbal labels for the concept and its attritutes should correlate posi-
tively with attainment of levels and performance on usas subtests within
grade groups. Prediction eight holds that across combined grade groups,
vocabularyv scores and attainment on levels and uses shculd show an even
higher positive correlation. In order to compute correlation coefficients,
the same scaling system was used for noun as that described in Chapter III.

Table 51 presents means and standard deviations, based on the scaled

scoring system, for levels, uses, combined levels and uses ( a measure
of overall task performance), and vocahulary scores at each grade group
and for combined grade groups. In addition, the same scores are shown ior
all boys and all girls, separately. The mean scores for boys and for
girls, though similar, show a slight superiority in girls' performance.
The predicted improvement in concept attainment and use wi:h increasing
grade group is, of course, evident in these mean scaled scores as it was
in data based on proportions. Mean vocabulary scores steadily improved
with increasing ¢rade group.
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TABLE 51

MEANS AND STANDARD DEVIATIONS FOR COMBINED CONCEPT LEVELS, CONCEPT USES,
COMBINED LEVELS AND USES, AND VOCABULARY AT EACH GRADE GROUP

Concept Concept Levels
i} Levels: Uses: and Uses: Vocabulary:
Grade N (Maximum (Maximum (Maximum (Maximum
Score, 4) Score, 3) Score, 7) Score, 14)
. e N
I'm s.n.' 'm s.n.' m s.0.’ (m s.p. "
1st 57 1.65 .58 .00 .00 1.65 58 .00 .00
4th 80 2.58 .63 .24 .66 2.81 1.11 3.98 2.35
7th 85 3.00 .64 .72 ;.OO 3.72 l.46 5.28 2.02
10th 87 3.40 .66 1.39 1.10 4.79 1.62 6.52 2.16
All Grades 309 2.75 .87 .65 1.00 3.40 1.71 4,30 2.99
All Boys 160 2.54 .85 .46 .87 2.99 1.56 3.80 2.97
All Girls 149 2.99 .84 .86 1.09 3.85 1.76 4,87 2.92

Pearson product-moment correlations (r) were then calculated in
order £o determine the relationship between vocabulary comprehension
ard task performance. Table 52 presents the correlations between
scores on the vocabulary test and scores on (1) concept level, (2)
concept uses, and (3) comhined levels and uses for each grade group,
711 grades combined, and separately for all boys and all girls.

° Tests for any statistical significance, at the .05 level, between
the correlations for boys and girls on each of the three performance
measures revealed no sex differe .ces. The zero order correlations at
the lowest grade group refiect a limited range of performance. From
Table 51 it can be seen that range of attainment on concept levels was
smé 11, fi2w or no uses were mastered, and no vocabulary items were
passed. Fourth-, seventh-, and tenth-grade groups, by contrast, showed
increasing competence with verbal labels and a wider range of perfor-
mance on concept attainment and uses. Correlations for these grade
groups indicate a positive and substantial relationshir between test
performance and vocabulary scores. All correlations for fourth-,
seventh-, and tenth-grade groups were statistically significant
from zero (p < .01).

Correlations for all grades combined were very high, as were
correlations for total boys and total girls. The correlation between
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TABLE 52

PEARSON PRODUCT-MOMENT CORRELATIONS BETWEEN MEAN VOCABULARY SCORES AND MEAN SCORES
ON CCNCEPT LEVELS, CONCEPT USES, AND COMBINED LEVELS AND USES

Grade Group N Four Concept Three Concept Combined Levels
Levels Uses and Uses

1st 57 .00 .00 .00

4th 80 .49%* .57* .61*

7th 85 .63* 57* .66%

loth 87 .65% -.60* .67*

All Grades 309 .78% .66% .78%

All Boys 160 .76% .66* .78%

All Girls 149 .78% .65% s77*

*p < .01

overall performance on concept levels and vocabulary, was .78; between
concept uses and vocabulary, .66; and between combined levels and uses

and vocabulary, .78. Each of these three correlations was statistically
significant from zero (p < .01), as were the correlations for boys and
girls. We conclude that there is a strong and positive relationship
between vocabulary proficiency and concept attainment and use, as specified
in our two final predictions.




VI
RESULTS OF CLD ASSESSMENT SERIES IV: TREE

OVERVIEW

A brief description of the child population is followed by a
report of the subtests used in the assessment series and the criteria
employed for full attairment. Results of the assessment, as they
bear on the eight specific predictions of the CLD model, are reported
in the remainder of the chapter.

CHILD POPULATION

Three hundred and thirteen children participated in Assessment
Series IV. Table 53 presents mean ages and age ranges for z.l1 subjects
and for boys and girls separately at each of four grade groups. Fifty-
seven first graders, 82 fourth graders, 87 seventh graders, and 88
tenth graders participated in assessment of the tree concept. Within
each grade group roughly the same numbers of boys and girls were repre-
sented. Mean ages and age range for boys and girls within grade groups
are also given in Table 53. Age ranges varied from 13 months in the
fourth-grade group to 16 months in the seventh- and the tenth-grade
groups.

CRITERIA FOR FULL ATTAINMENT

Criteria established for full attainment of each of the first three
concept levels and three uses, as shown in Table 54, followed the conven-
tion described in earlier chapters--only one error was permitted within
the items of any one subtest. At the formal level the criterion for
mastery required correct responses on 28 of the total 35 items; i.e.,
about 80 percent of the combined formal subtest items were required for
mastery.

PROPORTION OF EACH GRADE GROUP CONFORMING TO THE PREDICTED INVARIANT
SEQUENCE

The first prediction derived from the CLD model states that all
children of all grade groups will conform to five acceptable patterns
of mastery of the four concept levels. Table 55 presents, for each
grade group and for all grades combined, the number and proportion of
children who attained the successive levels in accordance with the
five patterns predicted by the model. There are also 11 patterns of
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TABLE 53

' NUMBER OF CHILDREN, MEAN AGE, AND AGE RANGE AT EACH GRADE GROUP

Grade Number Mean Age Age Range
(in years and months) (in years and months)

1 Total 57 6~-10 6-3 to 7-5
Boys 33 6-10 6-3 to 7-5

Girls 24 6-10 6-3 to 7-3

4 Total 82 9-10 9~-3 to 10-4
Boys 51 a-10 9-4 to 10-4
Girls 31 9- 9 9-3 to 10-3

7 Total 87 12~ 9 12-1 to 13-5
Boys 36 12-10 12-2 to 13-5

Girls 51 12~ 9 12-1 to 13-5

10 Total 87 15- 7 15-1 to 16-5
Boys 42 15- 7 15-1 to 16-5

Girls 45 15- 7 15-1 to 16-5

exception, or attainment sequences that are not acceptable to the model;
the number and proportion of each grade group falling into unacceptable
patterns are presented in the bottom half of Table 55. Tables 56 and 57
show the same data separately for boys and for giris. Chi-square tests,
perfnrmed at the .05 level of statistical significance, revealed no sex
differences in the subtotals of children, within grade groups or for all
grade groups combined, in conformity to the five combined predicted
patterns. The remainder of this section will, therefore, focus on

Table 55, combining data across sex.

Inspection of the first five rows c¢. Table 55 shows that two first
graders failed all four levels and three passed the concrete level cnly.
Across all grade groups, 38 children (12 percent) passed the first two
levels and failed the last two. The majority of children displayed
either the PPPF pattern (39 percent) or the PPPP pattern (39 percent).
In all, 91 percent of the child population, or 285 of the total 313
subjects, conformed to an attainment sequence predicted by the CLD model.
Examination of the subtotals within grade groups shows that conformity
to predicted patterns was uniformly high at first, fourth, seventh, and
tenth grades.
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TABLE 54

NUMBER OF ITEMS AND CRITERIA DEFINING FULL ATTAINMENT
FOR EACH CONCEPT LEVEL AND USE

Subtest Number of Criteria for Full
Ttems Attainment
1. Concrete 7 6 correct
2. Identity 7 6 correct
3. Classificatory 8 7 correct
4. Formal
a. Discrim. Attributes 10 .
28 items correct
b. Labels 14 or approximately
¢. Evaluating Defining Attributes 10 80% of ?omblned
Formal items
d. Definition 1
5. Principle 10 pairs 8 correct
6. Problem Solving 10 8 correct
7. Supraordinate-Subordinate 4 pairs 3 correct

Nine percent (28 children) of the total child population displayed
non-conforming patterns, Of the 1l pussible patterns of exception, >
were observed: two children failed all levels except classificatory;
seven children failed concrete but passed identity and classificatory;
one child passed all levels except concrete; three children passed con-
crete, failed identity, and went on to attain classificatory; three
children passed all levels except identity; and twelve children passed
all levels except classificatory. Non-conformity was observed in all
grades, but most deviation occurred in the first-, seventh-, and fourth-

rade groups.

The fact that 91 percent of the total child population conformed
to the predicted invariant sequence of attainment provides strong
support for the major proposition and first prediction derived from
the CLD model.

Table 58 presents frequencies of subjects according to each pattern
of exception and number of items correct at each concept level for which
criterion was not met. Examination of these protocols may suggest why
these children deviated from the predicted invariant sequence of attain-
ment. Inspection of Table 58 shows that two children attained the
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TABLE 55

NUMBER AND PROPORTION OF FOUR GRADE GROUPS CONFORMING AND
NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINMENT

Pass-Fail Sequence 1st 4th 7th 10th All Grades
(n=57) (n=81) {n=87) (n=88) . (N=313)
FFFF 2 0 0 0 2
.04 .00 .00 .00 .01
PFFF 2 0 0 0 3
.05 .00 .00 .00 .01
PPFF 16 11 7 4 38
.28 o1 .08 .05 .12
PPPF 29 51 33 8 121
.51 .63 .38 .09 .39
PPPP 0 12 38 71 121
.00 .15 .44 .81 .39
Subtotal Conforming 50 74 78 83 285
.88 .91 .90 .94 .91
FFFP 0 0 0 0 0
.00 .00 .00 .00 .00
FFPF 0 2 0 0 2
.00 .02 .00 .00 .01
FFPP 0 0 0 0 0
.00 .00 .00 .00 .00
FPFF 0 0 0 0 0
.00 .00 .00 .00 .00
FPFP 0 0 0 0 0
.00 .00 .05 .00 .00
FPPF 6 1 0 0 7
.11 .01 .00 .00 .02
FPPP 0 1 0 0 1
.00 .01 .00 .00 .00
PFFP o) 0 0 0 0
.00 .00 .00 .00 .00
PFPF 1 2 0 0 3
.02 .02 .00 .00 .01
PFPP 0] 0 2 1 3
.00 .00 .02 .01 .01
PPFP 0 1 7 4 12
.00 .01 .08 .05 .04
Subtotal Not Conforming 7 7 9 5 28
.12 .09 .10 .06 .09
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TABLE 56

NUMBER AND PROPORTION OF BOYS AT THE FOUR GRADE GROUPS CONFORMING
AND NOT CONFORMING TO PREDICTEL' SEQUENCE OF ATTAINMENT

. 1st 4th 7th 10th All Grades
Pass-~Fail Sequence

(n=33) (n=50) (n=36) (n=43) (N=162)
i FFFF 1 0] 0 0 1
.03 .00 .00 .00 .01
PFFF 2 0 0 0 2
) «'J6 .00 .00 .00 .01
PPFF 9 7 5 3 24
27 .14 .14 .07 .15
PPPF 16 30 15 6 67
.48 .60 .42 .14 .41
PPPP 0] 7 13 30 50
.00 .14 .36 .70 .31
Subtotal Conforming 28 44 33 39 144
.85 .88 .92 .91 .89
FFFP 0 0 0 0 0
.00 .00 .00 .00 .00
FFPF 0 2 0 0 2
.00 .04 .00 .00 .01
FFPP 0] 0 0 0] 0]
>0 .00 .00 .00 .00
FPFF 0 0] 0 0 0
.00 .00 .00 .00 .00
FPFP 0 0 0 0 0]
.00 .00 .00 .00 .00
FPPF 4 1 0 0 5
.12 .02 .00 .00 .03
FPPP 0 0] 0 0 0
.00 .00 .00 .00 .00
- PFFP 0 0 0 0 0
.00 .00 .00 .00 .00
PFPF 1 2 0 0 3
.03 .04 .00 .00 .02
PFPP 0 0 1 1 2
.00 .00 .03 .02 .01
PPFP 0 1 2 3 6
.00 .02 .06 .07 .04
Subtotal Not Conforming 5 6 3 4 18
.15 .12 .08 .09 .11
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TABLE 57

0
NUMBER AND PROPORTION OF GIRLS AT THE FOUR GRADE GROUPRS COl‘rF }\M%NG
AND NOT CONFORMING TO PREDICTED SEQUENCE OF ATTAINME

1 4 7th th gries
pPass~Fail Sequence ist th 10 Al 51)
- (n=24) (n=31) (n=51) (n=45) \JV\
FFFF 1 0 0 0 }
04 .00 .00 W\’y\
PFFF 1 0 0 0 )
04 .00 .00 .00 \y\
PPFF 7 4 2 1 14
. .29 .13 .04 "-0’2/\,%
PPPF 13 21 18 2 54
| 54 .68 35|04 AN LB
PPPP 0 5 25 41 7}
. .00 .16 .49 W\%
subtotal Conforming 22 30 45 44 14}
| .92 .97 .88 \.9/8_/’\%
FFFP 0 0 0 0 0
FFPF 0 0 0 0 0
.00 .00 .00 W\;y\
FFPP 0 0 0 0 0
| .00 0 | .00 | .00 N\
FPFF 0 0 0 0 0
.00 00 .00 %@/w
FPFP 0 0 0 0 0
.00 .00 .00 ﬁ._gg_/w
FPPF 2 0 0 0 /
.08 .00 .00 .OO/W\
FPPP 0 1 0 0 1
.00 .03 .00 "OQ-/W\
PFFP 0 0 0 0 0
.00 .00 .00 ;o_o’/"\y\
PFPF 0 0 0 0 0
.00 .00 .00 &/’\y\
PFPP 0 0 1 0 1
.00 .00 .02 &/w
PPFP 0 0 5 1 6
.00 .00 .10 v.xoz’/w
Subtotal Not Conforming 2 1 6 1 10
.08 .03 .12 Mw

s
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TABLE 58

FREQUENCIES OF SUBJECTS ACCORDING TO PATTERN OF EXCEPTION
AND ITEMS CORRECT AT EACH CONCEPT LEVEL NOT ATTAINED

12

Pattern of Exception Number of Items Correct on Concrete Subtest (6 required)

0 1 2 3 4 5

FFPF 2

FPPF 7

FPpPP 1
Number of Items Correct on Identity Subtest (6 required)
0 1 2 3 4 5

FFPF 2

PFPF 3

PFPP 3
Number of Items Correct on Classificatory Subtest (7 required)
0 1 2 3 4 5 6

PPFpP 3 1 1 1 6

O

ERIC

Aruitoxt provided by Eic:

classificatory level after failing to meet requirements for attainment

at the concrete and identity levels. Six of the seven concrete items

and six of the seven identity items were required for mastery of each
level and both of these deviating children passed five of the seven items
of each subtest--falling just one item short of criterion. Eight other
children attained higher levels after failing to attain the concrete
level. All of these deviating children passed five of the concrete
items--falling just one item short of criterion.

The six children who passed concrete, failed identity, and went on
to attain one or both of the higher levels also fell just one item short
of meeting criterion for attainment at the identity level. Six of the
twelve children observed in the PPFP pattern of exception passed six of
eight classificatory items--falling one item short of criterion; one
passed five, one passed four, and one passed three of the classificatory
items. Three of the twelve deviating children passed only two of the
eight classificatory items. In most cases of deviation, it seems
reasonable to conclude that errors of measurement associated with each
subtest, stringency of criterion, or both, were responsible for observed
non-conformity. The few protocols showing that a child attained the
formal level after falling far short of criterion at the classificatory
level can probably be reasonably interpreted as cases of inattentiveness
during test taking or misunderstanding of directions.
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PREDICTED SEQUENC: OF CONCEPT ATTAINMENT AND DIFFICULTY OF THE LEVELS

The CLD hypothesis is that the sequence of attainment is invariant
because each successively higher concept level required the use of one
or more increasingly complex cognitive operations. As a consequence,
the items and the total subtest at each successive level are more
difficult. It might be argued that the invariant sequence of attainment
is not a function of difficulty determined by increasingly complex
cognitive operations at the guccessive concept levels, concrete through
formal, but that it is simply a function of increasing test item diffi-
culty unrelated to the Operations. In order to easure that the number
of subjects conforming and not conforming to the predicted sequence was
not merely due to increasing difficulty of the successive subtests un-
related to the more complex operations, a statistical procedure accounting
for independent difficulty level was applied to data from the present
assessment.

Computations were Performed using the overall grade group propor-
tions passing and failing each of the four subtests so that a wide range
of conceptual attainment would be obtained. These computations yielded
expected numbers of subjects following cach of the 16 possible patterns
of attainment (5 acceptable, 11 unacceptable to the model). It was
noted that fewer than five Subjects were expected o follow each of ten
of the 16 patterns. To meet the requirements of the Chi-square test,
patterns were combined So that the minimum expected number of subjects
in each cell would approximate five. Eight patterns and combinations of
patterns resulted and were used for the test. A Chi-square goodness-of-
fit test was used to determine whether the obtained number of suhjects
who followed these patterns differed significantly from the number of
subjects expected to follow these patterns. The resulting Chi-square
provided convincing evidence that the number of subjects following and
not following acceptablé patterns was not a function of increasing
difficulty of test itemS unrelated to the operations (x2 = 13.72, p <
-001, 4f. = 3).

PROPORTION OF GRADE GROUPS ATTAINING THE FOUR LEVELS

Predictions two and three, addressed in the present section, are
closely related: prediction two maintains that within a given grade
group the percentage of children passing each successive level of attain-
ment will decrease; prediction three states that the percentage of
children passing any given level will increase as a function of increasing
grade group.

Data were examined initially to ascertain whether or not sex differ-
ences existed in frequencies of children who fully attained each concept
level. Chi~square tests, conducted at the .05 level of statistical sig-
nificance, revealed that at each level of attainment, both within grade
groups and for all grade groups combined, only one sex difference in
concept mastery occurred. At the formal level, the Chi-square for all
grade groups combined indicated superior attainment for girls (X2 = §.66,
df. = 1). since no strong, systematic sex differences were found, the
data in Table 59 were used to evaluate predictions two and three; Talles
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TABLE 59

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY
MASTERED EACH LEVEL OF ATTAINMENT: ALL SUBJECTS

Grade Concrete Identity Classificatory Formal

1st (n=57)

Number 49 51 36 0
Proportion .86 -89 63 .00
4th (n=81)

Number 77 77 69 14
Proportion .95 .95 .85 .17
7th (n=87)

Number 87 85 73 47
Proportion 1,00 .98 .84 «54
10th (n=88)

Number 88 87 80 76
Proportion 1.00 .99 .91 .86
All Grades (N=313)

Number 301 300 258 137
Proportion .96 .96 .82 .44

60 and 61 have been included for readers who are interested in exami-
ing these data separately.

Table 59 shows the number and proportion of each grade group, and
of all grade groups combined, that fully attained each concept level.
Inspection of the row entries discloses that, in general, within grade
groups the proportion of children attaining each successive level of
concept attainment decreased. The only exceptions to this finding
were the slight increase of 3 percent in attainment of concrete to
identity at the first-grade group, and the identical performance on
those two lower levels by the fourth-grade group. The general decre-
ment in proportions of children attaining the successive jevels is
- reflected in data for all grades combined: concrete, 96 percent;

identity, 96 percent; classificatory, 82 percent; and fornial, 44 per-
cent.

Cochran Q tests were used to discover if the prop.r ! .cns of
children fully attaining the four concept levels diitcraed significantly
within each of the four grade groups. .Significance of the differences
among the proportions for each of the four grade groups was well beyond
the .00l level [Q = 106.85, first grade; 150.56, fourth grade; 79.17,
seventh grade; 21.55, tenth grade (df. = 3)]. McNemar tests were run
at the .05 level of significance to determine where sprcific differ-
ences in attainment among the four levels occurred witi.in each of the
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TABLE €0

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT

§
Grade Concrete Identity Classificatory Formal
1st (n=33)
Number 28 29 21 0
Proportion .85 .88 .64 . .00
4th (n=50)
Number 47 46 42 8
Proportion .94 .92 .84 .16
7th (n=36)
Number 36 35 29 16
Proportion 1.00 «97 .81 .44
10th (n=43)
Number 43 42 37 34
Proportion 1.00 .98 .86 .79
All Grades (N=162)
Number 154 152 129 58
Proportion .95 .94 .80 .36

four grade groups. Six comparisons were possible: concrete with (1)
identity, (2) classificatory, and (3) formal; identity with (4) classi-
ficatory and (5) formal; finally, classificatory with (6) formal. For
the first- and seventh-grade groups, five of the six possible comparisons
differed with statistical significance. Only the concrete with identity
comparison showed no statistically significant difference. In all of
the other comparisons, fewer children passed the higher concept level.
In the tenth-grade group four of the six comparisons were statistically
significant; fewer children attained the classificatory level and the
formal level when compared to the concrete level and the identity level.
In the fourth-grade group, three of the six comparisons were statisti~
cally significant; fewer children attained formal when compared to each
of the three lower concept levels.

Examining the columns of Table 59 enables us to determine if the
percentage of children passing any single level of concept attainment
increased as a function of increasing grade group. Inspection immediately
discloses that these data support prediction three. One minor reversal
occurred at the classificatory level: 85 percent of fourth graders and
84 percent of seventh graders attained this level. Also, the same propor-
tion of seventh- and tenth-grade children attained the concrete level.
Otherwise the proportions of children attaining a given level increased
in accordance with the prediction. For example, at the formal level, the
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TABLE 61

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP
WHO FULLY MASTERED EACH LEVEL OF ATTAINMENT

Grade Concrete Identity Classificatory Formal
1st (n=24)
Number 21 22 15 0
- Proportion .88 .92 .63 .00
4th (n=31)
Number 30 3% 27 6
Proportion «97 1.00 .87 .19
7th (n=51)
Number 51 50 44 31
Proportion 1.00 .96 .86 .5
10th (n=45)
Number a5 45 43 42
Propcrtion 1.00 1.62 .96 .93
All Grades (N=151)
Number 147 148 129 79
Proportion .97 .98 .85 «52

progression was as follows: O percent of :he .irst graders, 17 percent
of the fourth graders, 54 percent of the & :venth graders, and 86 percent
of the tenth-ccade group fully mastered t! . highest level of concept
attainment.

Chi-square tests were used to find ou if the proportions of indi-
vidual grade groups passing each of the fo r levels of concept attainment
differed significantly from the proportion: of the combined grade groups

. passing each of the four levels. The diffe=~ences in proportions at.ain-
ing each of the levels were significant at or beyond the .05 level [x2 =
23.33, concrete; 8.71, identity; 19.54, classificatory; 136.04, formal
(df. = 3)]. The differences irn proportions of individual grade groups
attaining the concrete level did not reach statistical significance. A
Chi-square analog to Scheffé's theorem was performed to determine where
differences betwren grade groups in attainment of concrete, identity,
classificatory, and formal levels were significant at the .05 level. At
the concrete level, attainment of fourth graders surpassed attainment of
the first-grade group. At the identity level, attainment of the tenth
graders surpassed attainment of the first-grade group. At the classifi-
catory level, attainment of each of the higher three grades surpassed
attainment of the first-grade group. At the formal level, five of the
six pair-wise comparisons differed significantly (the exception being
that between first and fourth graders).
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To review and summarize, data assessing full attainment of the
concept, tree, provide strong evidence supporting the prediction
that within any given grade, the proportion of children passing the
successive concept levels will decrease.

RELATIONSHIP BETWEEN FULL ATTAINMENT OF VARIOUS LEVELS AND USES

The present section will evaluate data relevant to predictions
four and five. The fourth prediction states that individuals who have
attained a concept only to the concrete or identity levels may be able
to use that concept in cognizing simpie perceptual relations among
concepts and in solving simple problems of a perceptual kind, but that
they will not be able to use the concept .in understanding supraordinate-
subordinate relations, understanding more complex principles, or in
solving more complex problems.

The first half of Table 62 presents data necessary to evaluate
prediction four. These data are shown separately for boys and for girls
in Tables 63 and 64. Two boys and one girl attained concrete as their
highest level of concept mastery; no uscs subtests were passed by these
three children. Thirty-eight children (24 boys and 14 girls) attained
identity as their highest level with only three instances of mastery on
a uses subtest. The fourth prediction, then, was supported by data from
the tree assessment. .

According to prediction five, a higher proportion of children who
attained at the formal level, in comparison to the classificatory,
should master the three concept uses. The second half of Table 62 con-
tains the relevant data. The second half of Table 63 and of Table 64
present the same data separately for boys and for girls. Chi-square
tests, conducted at the .05 level «f statistical significance, disclosed
that among the classificatory level and the formal level attainers no
sex differences existed in mastery of each uses subtest. From Table 62
we find t at of the 133 children attaining at the classificatory level,
15 {11 percent) mastered supraordinate-subordinate, 3 (2 percent)
attained principles, and 1 (1 percent) problem solving. Of the 137
formal level attainers, 42 percent mastered supraordinate-subordinate;
49 percent, principles; and 29 percent, problem solving. Chi-square
tests showed a significant overall advantage in attainment of uses
(beyond the .001 level) for children performing at the formal level when
compared to those performing at the classificatory level [x2 = 33.00,
supraordinate-subordinate; 76.47, principles; 42.40, problem solving
(df. = 1)].

Data obtained from assessment of the tree concept provide clear
support for predictions four and five. Limited mastery of uses was
observed when the concept was attained to only the concrete or identity
levels. Performance on concept uses markedly improved when the concept
was mastered at the formal level, as compared to the classificatory
level.
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DIFFICULTY OF THE THREE USES

For each grade group, Table 65 presents number and proportion of
subjects who fully mastered each of the three concept uses; supraordinate-
subordinate, principles, and problem solving. Tables 66 and 67 show the
same data for boys and girls separately. In order to determine if any
statistically significant sex differences occurred in these data, Chi-
square tests conducted at the .05 level for each concept use withia
grade groups and for all grades combined revealed no sex differences in
mastery of any of the uses.

Consistent with prediction six, Table 65 shows that the proportion
of children attaining each of the three uses subtests generally increased
as grade group increased. Chi-square tests were used to ascertain
statistically significant differences between proportions of individual
grade groups passing each of the three uses and the proportion of the
combined grade groups passing each of the three uses. The difference in
proportions of subjects attaining each of the uses was significant
beyond the .001 level [x2 = 44.60, supraordinate-subordinate; 92.67,
principles; 43.02, problem solving (df. = 3)]. A Chi-square analog to
Scheffé's theorem was performed between all pairs of grade groups to
determine where the differences in each use were significant at the .05
level. For the supraordinate-subordinate subtest, the performances of
the seventh-grade group and the tenth-grade group surpassed those of the
first-grade group and the fourth-grade group. For the principle subtest
all pair-wise comparisons differed significantly except that between
first and fourth grades. For the problem snlving subtest all pair-wise
comparisons differed significantly except those between first and fourth
grades and seventh and tenth grades.

In summary, the data clearly support the prediction of increasing
mastery of uses as grade group increases.

RELATIONSHIP BETWEEN VOCABULARY DEVELOPMENT AND ATTAINMENT OF CONCEPT
LEVELS AND USES

Of the cight predictions derived from the CLD model, two remain for
evaluation. Both are concerned with the relation between vocabulary
proficiency and attainment of levels and performance on the uses subtests.
Prediction seven states that vocabulary scores and scores based on the
attainment of the four levels and three uses will correlate positively
within grade group. Prediction eight holds that the same scores will
show a positive and higher correlation across combined grade groups. In
order to compute correlation coefficients, the same scaling system was
used for tree as that described in Chapter III for equilateral triangle.

Table 68 presents means and standard deviations, based on the scaled
scoring system, for all grades combined, and for all boys and all girls.
The predicted improvement in concept attainment and performance on uses
subtests as grade group increases was, of course, demonstrated in these
data based on mean scaled scores just as it was in data based on propor-
tions. Mean scores based on the l4-item vocabulary test indicated a
steady increase in proficiency with increasing grade group. Total mean
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TABLE 65

NUMBER AND PROPORTION OF EACH GRADE GROUP THAT FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grade Supraordinate~Subordinate Principle Problem Solving

1st (n=57)

Number 0 0 0

- Proportion .00 .00 .00

4th (n=81)

Number 9 0 0
Proportion .11 .00 .00
7th (n=87)

Number 33 22 15
Proportion .38 .25 17
10th (n=88)

Number 34 48 26
Proportion .39 .55 - 30
All Grades (N=313)

Number 76 70 41
Proportion .24 .22 .13

scaled scores for boys and girls were very similar on each measure, as
well as on vocabulary.
Pearson product-moment correlations (r) were calculated in order
to discover the relationship between vocabulary comprehension and task
performance. For each grade group, all grades combined, and all boys
and all girls, Table 69 presents correlations between scores on the
vocabulary test and scores on (1) concept level, (2) concept uses, and
(3) combined levels and uses. Tests for any statistical significance,
at the .05 level, between the correlations for boys and girls on each
of the three performance measures revealed no sex differences.
The correlations within grade groups were rather variable in size.
- Generally, the smaller correlations were obtained from the lowest
grade groups. The zero order or very low correlations between vocabu-
lary scores and concept uses for first- and fourth-grade groups reflect
a limited range of performance, as can be observed by reviewing Table 68,
Correlations for seventh- and tenth-grade groups were of a greater magni-
tude, reflecting increased gompetence with verbal labels and a wider
range of perfcrmance on concept levels and uses. Of the 12 correlations
computed within grade groups, 10 were statistically significant from
zero at or beyond the .05 level. '
As predicted, correlations were higher for combined grade groups
than for individual grade groups. The correlation was .70 between
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TABLE 66

NUMBER AND PROPORTION OF BOYS AT EACH GRADE GROUP WHO FULLY
MASTERED EACAd OF THE THREE CONCEPT USES

—————"

Grade Supraordinate-Subordinate Principle Problem Solving
o ———
1st (n=33)
Numpher 0 0 o
Proportion .00 .00 .00
4th (n=50)
Nunyy e r 7 0 o]
Proportion .14 .00 .00
7th (n=36)
Numph ey 15 13 7
Proportion .42 .36 .19
10th (p=43)
Numhe r 14 22 11
Proportion .33 .51 26
All grades (N=162)
Nunhyer 36 35 18
Propertion .22 .22 W11
—_—

overall performance on concept levels subtests and overall performance

on the verbal labels. Overall performance on concept uses correlated

.52 with vocabulary and overall performance on combined levels and uses
correlated .69 with vocabulary scores. Each of these three correlations
was statistically significant from zero at or beyond the .0l level. All
correlations for boys and for girls were also statistically significant
(p < .01). The corr=lational data summarized in Table 69 clearly support
the predicted relationship between vocabulary proficiency and concept
attainment and use.
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TABLE 67

NUMBER AND PROPORTION OF GIRLS AT EACH GRADE GROUP WHO FULLY
MASTERED EACH OF THE THREE CONCEPT USES

Grade Supraordinate-Subordinate Principle Problem Solving

1st (n=24) .

Number 0 0 0

. Proportion .00 .00 .00

4th (n=31)

Number 2 0 0
Proportion «06 .00 .00
7th (n=51)

Number 18 9 8
Proportion .35 .18 .16
10th (n=45)

Number 20 26 15
Proportion .44 .58 .33
All Grades (N=151)

Number 40 35 23
Proportion .26 .23 .15
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TABLE 68

MEANS AND STANDARD DEVIATIONS FOR COMBINED CONCEPT LEVELS, CONCEPT USES,
COMBINED LEVELS AND USES, AND VOCABULARY AT EACH GRADE GROUP

Concept Concept Levels
Levels: Uses: and Uses: Vocabulary
Grade N (Maximum (Maximum (Maximum (Maximum
Score, 4) Score, 3) Score, 7) Score, 14)
"M S.D. 'M S.D. " M. S.D. ‘M S.D.
1st 57 2.39 .75 .00 .00 2.39 .75 3.37 2.30
4th 81 2.93 .65 .11 .13 3.04 .77 7.59 2.78
7th 87 3.36 .63 .80 1.00 4,16 1.41 9.34 2,31
10th 88 3.76 .53 1.23 1.04 4,99 1.30 10.55 1.86
All Grades 313 3.18 «79 .60 .92 3.78 1.49 8.14 3.41
All Boys 162 3.04 .81 .55 .89 3.59 1.48 7.62 3.52
All Girls 151 3.33 .75 .65 .95 3.98 1.49 8.70 3.22
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TABLE 69

PEARSON PRODUCT-MOMENT CORRELATIONS BETWEEN MEAN VOCABULARY SCORES AND MEAN SCORES
ON CONCEPT LEVELS, CONCEPT USES, AND COMBINED LEVELS AND USES

Grade Group W Four Concept Three Concept Combined Levels
Levels Uses and Uses
1st 57 «31% .00 . 31%
4th 81 .48%* .21 «49%*
7th 87 «59%* «42%%* «56%*
10th 88 «59%* «4l** «57%%
-1 Grades 313 «TO** o52%% « 69 **
All Boys 162 «6T** «57** e 12%%
All Girls 151 e T2%% «45%* «65%*
*p < .05
**p < 01
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VII

SUMMARY AND CONCLUSIONS

In this chapter a brief summary of the study precedes a discussion
of results of all four assessment batteries as they bear on our conclu-
sions concerning each of the eight CLD predictions.

SUMMARY

The CLD model encompasses three major propositions dealing with
patterns of children's conceptual learning and development. Related
to each proposition there are several specific predictions. Since
the major propositions and predictions are discussed in some detail
in prior chapters, the predictions are briefly summarized as follows:

1. All children of all grade groups will conform to five acceptable
patterns of mastery of four concept levels.

2. The number and proportion of children within a grade group who
pass each successive level of concept attainment will decrease.

3. The number and proportion of children of successively higher
grade groups mastering each concept level will increase.

4. Children who attain a concept to only the concrete and/or
identity level will be able to use that concept only in
understanding simple perceptual problems.

5. A higher proportion of children who attain a concept at the
formal level, in comparison with those who attain at the
classificatory level, will master each of the three concept
uses.

6. The number and proportion of children of successively higher
grade groups who master each concept use will increase.

7. Vocabulary scores and scores based on attainment of the four
levels and the three uses will correlate positively within
grade groups.

8. Vocabulary scores and scores based on the levels and uses will
correlate positively for the combined grade groups.

The preceding predictions were tested, using four specially con-
structed assessment batteries. One battery was used for each concept:
equilateral triangle, cutting tool, noun, and tree. Each battery
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included one subtest for each of the four levels of concept attain-
ment and one for each of three uses of an attained concept. Thus, a
total of 28 tests was developed, 7 for each of the four concepts.

Children at each of four grade groups--first, fourth, seventh,
and tenth--participated in the study. Total number of children
tested with each assessment battery was as follows: equilateral
triangle, 313; cuttinc tool, 310; noun, 309; tree, 313. Children
in the two lower grades were enrolled in four different elementary
schools. Seventh graders were enrolled in a junior high school, and
the tenth-grade students were enrolled in a single high school. The
schools and classrooms in which the children were enrolled were
judged to be typical of the particular school system and also of a
large number of classrooms in small towns of Wisconsin and other
states.

The tests of the various batteries were administered to children
in groups of about 30, except that the youngest children received
the tests in smaller groups of about 5 to 10, On each subtest a
child's responses were scored as passing or failing according to
specific criteria established for each. Data were quantified by com-
puting frequencies and proportions of subjects within each grade group
who attained each concept level and each use. Preliminary analyses
were conducted to determine existence of sex differences. Post hoc
statistical tests were used where appropriate to obtain more specific
information about differences in frequencies and proportions. Descrip-
tive data and statistical tests were used to evaluate each of eight
specific predictions derived from the CLD model. The predicted
relationship between vocabulary and performance was evaluated by cor-
relation coefficients.

CONCLUSIONS

Results of the four assessments have been presented and discussed
Separately in the preceding chapters. Now we will consider the concepts
simultaneously both in order that our conclusions regarding the eight
predictions can be stated with a greater degree of generality and
confidence and so that relevant cross-concept comparisons can be made.
The general absence of strong or systematic sex differences in perfor-
mance on the four concept batteries contributes to whatever degree of
generality is warranted by the following compilation of results. Each
prediction is stated, and the evidence based on all four concepts is
summarized and discussed.

1. All children of all grade groups will conform to five acceptable
patterns of mastery of the four concept levels. This prediction was
well supported by results obtained for the four concepts assessed in
the present study. Table 70 summarizes pertinent information for all
concepts. Inspection shows that of the total subject population, 95
percent conformed to the predicted pass/fail patterns for equilateral
triangle, and for cutting tool, 98 percent conformed for noun, and 91

percent for tree.
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TABLE 70

PROPORTION OF TOTAL SUBJECT POPULATION CONFORMING TO PREDICTED
PASS-FALIL PATTERNS OF ATTAINMENT: COMPARING THE FOUR CONCEPTS

Equilateral Cutting

Pass-Fail Sequence Triangle Tool Noun Tree
(N=313) {N=310) (N=309) (N=213)

FFFF .00 «UC .01 .01

PFFF .00 .00 .05 .01

PPFF .12 .02 .34 .12

PPPF .52 .35 .38 -39

PPPP .31 .58 .21 .39

Total .95 .95 .98 .91

Table 71 presents for each concept the frequencies of deviation
from the predicted patterns in the total subject population. Five
percent of the total 313 children (15 subjects) did not conform to
the predicted sequence in the assessment of equilateral triangle.

Five percent (14 subjects) of the total 310 children did not conform
in the assessment of cutting tool. Two percent (5 subjects) of the
309 children deviated from the predicted sequence of attainment in
the noun assessment, and nine percent (28 subjects) of the 313
children administered the tree battery deviated from the predicted
invariant sequence.

Looking across concept batteries, Table 71 shows that the largest
number of non-conforming children was in the PPFP pattern; that is,
the classificatory subtest was not attained, but formal was mastered.
The next largest number of children appeared in the FPPF pattern of
exception--nine children failed concrete but went on to attain higher
levels, contrary to prediction. The remaining cases of deviation were
spread over nine patterns. No instances of deviation were observed in
4 of the 11 possible non-conforming patterns.

In seven of the patterns of exception there exist the possibility
that the same children deviated from battery to battery. Further exami-
nation of protocols from the 62 children revealed that only 2 subjects
followed either of the unacceptable patterns in more than one concept
assessment. That is, there was very little overlap in non-conformity to
the predicted patterns among the assessment batteries. It was also
possible that the same child may have deviated on more than one battery,
but in different patterns of exception. Only two of the youngest
children followed unacceptable patterns on more than one assessment
battery (one child showed the FPPF pattern on equilateral triangle and
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TABLE 71

FREQUENCIES OF TOTAL SUBJECT POPULATION SHOWING PASS-FAIL
PATTERNS OF EXCEPTION: COMPARING THE FOUR CONCEPTS

Equilateral Cutting
Pass-Fail Sequence Triangle Tool Noun Tree Total
(N=313) (N=310) {N=309) (N=313)

FFFP 0
FFPF 1 2 3
FFPP — 0
FPFF 1 1 2
FPFP - 0
FPPF 2 7 9
FPPP 1 1 2
PFFP 0
PFPF 3 2 3 8
PFPP 1 3 4
PPFP 9 8 5 12 34
Total 15 14 5 28 62

Proportion of

Total Population .05 .05 .02 .09

on tree, and the PFPP pattern on cutting tool; anothar child showed the
FPPF pattern on equilateral triangle and the PPFP pattern on tree).

This index of independence among the four concept batteries justi-
fies interpreting exceptions to the predicted patterns as the rerult of
errors of measurement or problems associated with the criteria estab-
lished for concept level attainment, and not as the result of true
exceptions in terms of sequential development. Had a large number of
the deviating children hkeen identical across assessment batteries the
unavoidable conclusion would be that these children were truly not
conforming to the hypothesized invariant sequence of conceptual develop-
ment.

2. The number and proportion of children within a single grade group
who fully mastered each successive level of concept attainment will
decrease. This prediction was clearly supported by data for each of
the four grade groups when the four concepts were examined individually.
The row entries of Table 72 permit cross-concept comparisons for the
proportions of each grade group that fully mastered each level of
attainment. There might have been 64 exceptions to this prediction,
based on the total number of entries in the table. Only three minor
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TABLE 72

PROPORTION OF EACH GRADE GROUP THAT FULLY MASTERED EACH
LEVEL OF ATTAINMENT: COMPARING THE FOUR CONCEPTS

_Grade Group Concrete Identity Classificatory Formal
. 1
Equilateral Triangle (N=57) 1.00 .98 .72 .00
Cutting Tool (N=57) .96 .98 .93 .14
Noun (N=57) .95 .70 .00 .00
Tree (N=57) .86 .89 .63 .00
4
Equilateral Triangle (N=82) .96 .98 .87 .07
Cutting Tool (N=81) 1.00 .98 .98 .53
Noun (N=80) 1.00 1.00 - 50 .08
Tree (N=81) .95 .95 .85 .17
7
Equilateral Triangle (N=87) 1.00 1.00 .92 .47
Cutting Tool (N=85) .99 .99 .93 .67
Noun (N=85) 1.00 1.00 .79 .21
Tree (N=87) 1.00 .98 .84 .54
10
Equilateral Triangle (N=87) 1.00 1.00 .85 .69
Cutting Tool (N=87) 1.00 1.00 .95 .95
Noun (N=87) 1.00 1.00 .86 ' .54
Tree (N=88) 1.00 .99 .91 .86

reversals occurred. In the equilateral triangle assessment, 96 percent
of the fourth-grade group attained concrete and 98 percent attained
identity. 1In the cutting tool assessment, 96 percent of the first-grade
subjects passed the concrete level, and 98 percent passed the identity
- level. 1In the tree assessment, 86 percent of the first-grade subjects
passed the concrete level, while 89 percent passed the identity level.
3. The number and proportion of successively higher grade groups
mastering each concept level will increase. The summary information
in Table 72 is also relevant for a final evaluation of this predic-
tion. Inspection of the columns of this table discloses only five
exceptions to the prediction: 87 percent of the fourth-grade group
and 92 percent of the seventh~grade group attained the classificatory
level of equilateral triangle compared to 85 percent of the tenth-
grade group. On the cutting tool battery, $8 percent of the fourth
graders attained the classificatory level compared to 93 percent of
the seventh graders and 95 percent of the tenth graders. In addition,
85 percent of the fourth graders attained the classificatory level of
tree compared to 84 percent of the seventh graders. 1In general, the
increase in attainment of levels with increasing grade group was
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marked, particularly at the classificatory and formal levels. Strong
support was provided for the prediction that at each concept level the
number and proportion of children who master the concept will increase
as grade group increases.

4. Children who attain @ concept tO only the concrete and/or the
identity level will be able to use that concept only in understanding

simple perceptual problems. This prediction has clearly been supported

by all four concept assessments. The first half of Table 73 summarizes
the results. For each concept battery there were few instances of
identity level attainers mastering the uyses. BAmong those children whose
highest level of attainment was conCrete, no uses were mastered for any
of the concepts.

5. A higher proportion of children who attain a concept at the formal
level in comparison with Eﬁgge who attain it at the classificatory level
will also master each of the three uses. This prediction was con-
sistently unheld when each of the concepts was examined individually.
The second half of Table 73 summarizes data for all concepts; exami-
nation shows that 12 possible exceptions might have occurred to the
prediction that children who attain a concept at the formal level
demonstrate performance on the concept uses superior to that of
classificatory level attainers, Inspection reveals no exceptions to
the prediction. Indeed, the Jifferences in the actual percentage
values are both consistent anq strikingly large. For example, data
for equilateral triangle indicate that a marked advantage in mastery
of uses occurred for individuals attaining at the formal level: 35
percent passed the supraordingte-subordinate subtest, compared to 11
percent of classificatoxry attainers; 64 percent passed the principle
subtest, compared to 10 Percent of Classificatory attainers; and 58
percent passed the problem spjving Subtest, compared to 21 percent of
classificatory attainers.

6. The number and proportion of children of Successively higher grade
groups who master each concept use Will increase. Data assessing the
four concepts supported this prediction. Table 74 summarizes data for
all four assessment batteries, Inspection reveals no reversals to the
predicted progression.

7. Vocabulary scores and Scores based on the attainment of the four
levels and the three useS Will correlate positively within grade group.’
This prediction was upheld by data for 311 concepts zssessed in the
present study. Table 75 pPresents the 48 correlations obtained

between vocabulary scoresS and scoreS on levelsS, uses, and combined
levels and uses at each grade group. The magnitude of correlations
was greatest for the seventh—grade group, smallest for the first-
grade group. In the equilateral triangle and noun assessments cor-
relations were uniformly low ang non-significant for the first graders.
In addition, at the tenth-grade group correlations were uniformly low
and non-significant in the asgessment of cutting tool.

Although a few zero order correlations were found, only two
negative correlations were obgerved; the prediction of a positive
relationship between vocabulary proficiency and attainment of concept
levels and uses was generally verified by these data. Moreover, the
size of the correlations Within the Varigus grade groups, in general,
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TABLE 74

PROPORTION OF EACH GRADE GROUP THAT FULLY MASTERED EACH
OF THE THREE CONCEPT uggs: COMPARING THE FOUR CONCEPTS

SR S

s e
Grade Group Supraorginaté-Subordinate  Principle Problem Solving_
1
Equilateral Trjangle (N=57) .02 .00 .00
Cutting Tool (N=57) .35 .00 .12
Noun (N=57) .00 .0C .00
Tree (N=57) .00 .00 .00
4
Equilateral Trjangle (N=82) .10 .05 .16
Cutting Tool (N=81) .67 .10 .72
Noun (N=80) .08 .04 .13
Tree (N=81) .11 .00 .00
7
Equilateral Trjangle (N=87) .18 .28 .33
Cutting Tool (N=85) .80 .38 .79
Noun (N=85) .15 .20 .36
Tree (N=87) .38 .25 .17
10
Equilateral Trjangle (N=87) .39 . .69
Cutting Tool (N=87) .86 .68 .84
Noun (N=87) .54 .36 .49
Tree (N=88) .39 .55 .30

- —— e e st ———

was considerably higher than gnticipated. Thirty-six of the 48 correla-
tions were statistically Signjificant from zero at or beyond the .05 level;
actua)l vajiues ranged £rom .22 to .67.
8. Vocabulary scores and scores based on the attainment of the four
levels and the three uses‘yiliﬁggv29§itively and highly correlated
across combined grade groups, Evidence to uphold this prediction was
found in all four concept assessments, as summarized in Table 76.
Magnityde of the correlations yas smallest for cutting tool, largest
for noun and tree. Correlations across grade groups were, in general,
highest for vocabulary scores and cOmbjned levels and uses scores.
The 12 correlations entered jip this table were generally larger in
magnityde than thosz obtalneq within grade groups and, without excep-
;ioni were statistically Signjficant from zero at or beyond the .01
evel,
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TABLE 75

PEARSON PRODUCT-MOMENT CORRELATIONS AT EACH GRADE GROUP BETWEEN MEAN
VOCABULARY SCORES AND MEAN SCORES ON CONCEPT LEVELS, CONCEPT USES,
AND COMBINED LEVELS AND USES: COMPARING THE FOUR CONCEPTS

Four Three Combined
Grade Group Concept Levels Concept Uses Levels and Uses
1
zquilateral Triangle (N=57) -.19 22 -.12
Cutting Tool (N=57) «42%%* «37%% «48*%*
~ Noun (N=57) .00 .00 .00
Tree (N=57) .31% .00 .31%
4
Equilateral Triangle (N=82) .26% .17 . 29%%
Cutting Tool (N=81) .50%* o 22% s42%%
Noun (N=80) «49%* e S57%* .61%*
Tree (N=8]1) .48%* .21 049 %*
7
Equilateral Triangle (N=87) 55%% 49 %% c62%%
Cutting Tool (N=85) «44%* «40** .49 %*
Noun (N=85) «63%% S5T7%% «66%%*
Tree (N=87) «59%* «42%% «56%*
10 ’
Equilateral Triangle (N=87) «64%* «39%% «60%%
Cutting Tool (N=87) .04 .11 .11
Noun (N=87) «65%%* «60%** .67*%
Tree (N=88) .59%%* e4dlk% «S57%*%
* p < .05
**B( .Ol
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TABLE 76

PEARSON PRODUCT-MOMENT CORRELATIqyg poR TOTAY pJECT POPypsproN
BETWEEN MEAN VOCABULARY SCORmg aND MEAN g5 ON LEvgp o
USES, AND COMBINED LEVELS AND USkg, COMPARING g FOUR Coyopprs

e T N— T —
— T N

Foyy Thre€ Ccombined
Concept Conecept o yels ConQQ t yses Levels and Uses
Equilateral Triangle (N=313) +58% . 59* .68*
Cutting Tool (N=310) «55x% . q7* .57*
Noun (N=309) 78 C66* .78%
Tree (N=313) + 70% C5o% .69%
/\/\—,—__“

*p < .01




REFERENCES

ausubel, D, P, The Psychology of meaningful verbal learning. New York:
Grune g Stratton, 1963,

Ausubel, D, P, Meaningful reception learning and the acquisition of
concepts. In H. J. Klausmeier & C. W. Harris (Eds.), Analyses of
concept learning. New York: Academic Press, 1966. Pp. 157-175,

Bernard, M, The effects of advance organigers and within-text questions
on _the learning of a taxonomy of concepts. Technical Report No. 357.
Madison: Wisconsin Research and Development Center for Cognitive
Learning, 1975,

Bourne, L. E., Jr., Ekstrand, B. R., & Dominowski, R. L. The psychology
of thinking. Englewood Cliffs, N.J.: Prentice-Hall, 1971.

Bourne, L. E., Jr., & Restle, F. Mathematical theory of concept identifi-
cation, Psychological Review, 1959, 66(5), 278-296.

Bruner, J. 5. The course of cognitive growth. American Psychologist,
1964, 19, 1-15.

Bruner, J. s., Goodnow, J. J., & Austin, G. A. A study of thinking.

New York: Wiley, 1958,

Brurner, J. s., Olver, R. R., Greenfield, P. M., et al. Studies in
cognitive growth. New York: wWiley, 1966.

Campbell, D,, & Stanley, J. Experimental and quasi-experimental designs
for research on teaching. In N. Gage (Ed.), Handbook of research
on teaching. Chicago: Rand McNally, 1963. Pp. 171-246.

Carroll, J., B. Words, meanings, and concepts., Harvard Educational
Review, 1964, 34, 178~202.

Deeseé, J. Meaning and change of meaning. American Psychologist, 1967,
22, 641-651.

Elkind, D. Conservation and concept formation. In D. Elkind & J. H.
Flavell (Eds.), Studies in cognitive development: Essays in
honor of Jean Piaget. London and New York: Oxford University
Press, 1969, Pp. 171-189.

Feldman, K. v. The effects of number of Positive and negative instances,
concept definition, and emphasis of relevant attributes on the
attainment of mathematical concepts. Technical Report No. 243.
Madison: Wisconsin Research and Development Center for Cognitive
Learning, 1972.

Flavell, J. H. cConcept development. In P. H. Mussen (Ed.), Carmichael's
manual of child psychology. Vol. 1. New York: Wiley, 1970,

Pp. 983-1059,

Gagné, R. M. The learning of principles. In H. J. Klausmeier & C. W.
Harris (Eds.), Analyses of concept learning. New York: Academic
Press, 1966, Pp. 81-95,

Gagné, R. M. The conditions of learning. (2nd ed.) New York: Holt,
Rinehart and Winston, 1©70.

121 -

137



122

Gesell, A. Infancy and human growth. New York: Macmillan, 1928,

Gesell, A. The embryology of behavior: The beginnings of the human
mind. New York: Harper, 1945.

Gibson, E. J. Principles of perceptual learning and development. New
York: Appleton, 1969.

Golub, L. S., Fredrick, W., Nelson, N., & Frayer, D. A. Selection and
analysis of language arts concepts for inclusion in tests of con-
cept attainment. Working Paper No. 59. Madison: Wisconsin
Research and Development Center for Cognitive Learning, 1971.

Goodnow, J. J. Problems in research on culture and thought. In D.
Elkind & J. H. Flavell (Eds.), Studies in cognitive development.
New York: Oxford University Press, 1969, Pp. 439-462.

Guilford, J. P. The nature of human intelligence. New York: McGraw-
Hill, 1967.

Hooper, F. H., & Klausmeier, H. J. Description and rationale for a
longitudinal assessment of children's cognitive development and
concept learning. Working Paper No. 113. Madiscn: Wisconsin
Research and Development Center for Cognitive Learning, 1973.

Hunt, E. B. Concept learning: An information-processing problem.

New York: Wiley, 1962.

Inhelder, B., & Piaget, J. The early growth of logic in the child:
Classification and seriation. New York: Harper & Row, 1964.

Kagan, J. A developmental approach to conceptual growth. In H. J.
Klausmeier & C. W. Harris (Eds.), Analyses of concept learning.
New York: Academic Press, 1966, Pp. 97-116.

Kagan, J., Moss, H. A., & Sigel, I. E. Psychological significance of
styles of conceptualization. Monograph of the Society for
Research in Child Development, 1963, 28(Whole No. 86), 73-

112.

Klausmeier, H. J. Cognitive operations in concept learning. Educa-
tional Psychologist, November 1971, 1 and 3-8.

Klausmeier, H. J. Problem solving and complex learning. In B. B.
Wolman (Ed.), International Encyclopedia of Neurology, Psy-
chiatry, Psychoanalysis and Psychology. New York: Van Nos-
strand Reinhold, 1975.

Klausmeier, H. J., Bernard, M. E., Katzenmeyer, C. G., & Sipple, T. S.
Development of Conceptual Learning and Development Assessment
Series II: Cutting Tool. Wocrking Parer No. 120. Madison:
Wisconsin Research and Development Center for Cognitive Learning,

1973.
Klausmecier, H. J., Davis, J. K., Ramsay, J. G., Fredrick, W. C., &
havies, M. H. Concept learning and prnblem solving: A bibliography,
12t0-1364.  Technical Report No. 1. Madison: W..consin Research and
e lopment Center for Cognitive Learning, 1965.
ciower, Ao e, shatala, B. S., & Frayer, D. A. Conceptual learning
vol devedoppet: A gnitive view. New York: Academic Press, 1974.

L Y R T Ngiieae, b, J., Sipple, T. S., & Katzenmeyer, C. G.
o odewe pteal Learning and development Assessment

relt o Bpnndato ﬁ,j!iifqlﬁ' Working Paper No. 119. Madison:

- e L S

it leee oo and bevelopment Center For Cognitive Learning,

N RS TR

138

ERIC .

Aruitoxt provided by Eic:



123

Klausmeier, H. J., Ingison, L. J., Sipple, T. S., & Katzenmeyer, C. G.,
Development of conceptual learning and development assessment
series III: Noun. Working Paper No. 121. Madison: Wisconsin
Research and Development Center for Cognitive Learning, 1973. (b)

Klausmeier, H. J., Marliave, R. S., Katzenmeyer, C. G., & Sipple, T. S.
Development of conceptual learning and development assessment
series IV: Tree. Working Paper No. 126. Madison: Wisconsin
Research and Development Center for Cognitive Learning, 1974.

Klausmeier, J. J., & Meinke, D. L. Concept attainment as a function of

* instructions concerning the stimulus material, a strategy, and a
principle for securing information. Journal of Education Psychology,
1968, 59, 215-222, o

- Klausmeier, H. J., Sipple, T. S. & Allen, P. S. First cross-sectional
study of attainment of the concepts equilateral triangle, cutting
tool, and noun by children age 5 to 16 of city A. Technical
Report No. 287. Madison: Wisconsin Research and Development

Center for Cognitive Learning, 1974.
Kofsky, E. A scalogram study of classificatory development. Child

Development, 1966, 37, 141-204.

Levine, M. Mediating processes in humans at the outset of discriminaticn
learning. Psychological Review, 1963, 70, 254-276.

Levine, M. Hypothesis behavior by humans during discrimination learning.
Journal of Experimental Psych ‘ogy, 1966, 71, 331-336.

Luria, A. R. The role of speech i. the regulation of normal and
abnormal behavior. New York: Liveright, 1961.

Markle, S. M., & Tiemann, P. W. Really understanding concepts: Or in
frumious pursuit of the jabberwock. Champaign, Ill.: Stipes, 1969.

Marx, M. H. (Ed.) Learning: Theories. New York: Macmillan, 1970.

Osgood, C. E. Method and theory in experimental psychology. New York:
Oxford University press, 1953.

Piaget, J. Piaget's theory. 1In P. H. Mussen (E4.), Carmichael's
manual of child psychology. New York: Wiley, 1970, Pp. 703-732.

Romberg, T. A., Steitz, J., & Frayer, D. A. Selection and analysis of
mathematics concepts for inclusion in tests of concept attainment.
Working Paper No. 55, Madison: Wiscon$in Research and Develop-
ment Center for Cognitive Learning, 1971.

Staats, A. Child learning, intelligence and personality. New York:
Harper & Row, 1971,

. Swanson, J. E. The effects of number of positive and negative instances,
concept definition, and emphasis of relevant attributes on the
attainment of three environmental concepts by sixth-grade children.
Technical Report No. 244. Madison: Wisconsin Research and Develop-
ment Center for Cognitive Learning, 1972.

Tabachnick, B. R., Weible, E., & Frayer, D. A. Selection and analysis
of social studies concepts for inclusion in tests of concept
attainment. Werking Paper No. 53. Madison: Wisconsin Research
and Development Center for Cognitive Learning, 1970.

Tagatz, G. E. Effects of strategy, sex, and age on conceptual behavior
of elementary school children. Journal of Educational Psychology,
1967, 58, 103-109.

Tennyson, R. D., & Boutwell, R. C. A quality control design and evaluation
model for hierarchical sequencing of bProgrammed instruction. National
Society for Programmed Instruction Journal, 1971, 10, 5-10.

139




124

Trabasso, T., & Bower, G. Attention in Learning. New York: Wiley, 1968.

Vernon, M. D. Perception through experience. New York: Barnes & Noble,
1970.

Voelker, A. M., Sorenson, J. S., & Frayer, D. A. Selection and analysis
of classificatory science concepts by intermediate-grade children.
Working Paper No. 57, Madison: Wisconsin Research and Development
Center for Cognitive Learning, 1971.

Vygotsky, L. S. (translated by E. Hanfmann & G. Vakar) Thought and
language. Cambridge, Mass.: M.I.T. Press, 1962.

Williams, C. F. A model of memory in concept learning. Cognitive
Psychology, 1971, 2, 158-184.

Woodruff, A. D. Basic concepts of teaching. (Concise ed.) San Francisco:
Chandler Publishing, 1961.

Woodruff, A. D. Cognitive models of learning and instruction. 1In.

L. Siegel (Ed.), Instruction: Some contemporary viewpoints.
San Francisco: Chandler Publishing, 1967, Pp. 55-98.

Zeaman, D., & House, B. J, The role of attention in retardate dis-
crimination learning. In N. R. Ellis (Ed.), Handbook of mental
deficiencz. New York: McGraw-Hill, 1963, Pp. 159-223.

140



O

ERIC

Aruitoxt provided by Eic:

Nationai Evaluation Commitiee

Fiancis S. Chase. Chairman
Emeritus Professor

University of Chicago

Helen Bain

Past President

National Education Associntion
Lyle Boumnc

Professot

University of Colorado

Sue Buel

Consultant, Portland, Oregon
Roald F. Campbell

Emcritus Professor

The Ohio State University = _

- George E. Dickson

Dean, College of Education
University of Toledo

University Advisory Committee

John'R. Palmer, Chairman
Dean

School of Education
Villiam R. Bush

Deputy Ditector

R & D Center

David E. Cronon

Dean

College of Letters and Science
Diane H. Eich

Specialist

R & D Center

Evelyn L. Hoekenga
Cooedinator

R & D Center

Dale D. Johnson
Associate Professor
Cutriculum and Instruction

Hetbert J. Klausmeier

Membe: of the Associated Faculty

R & D Center

Associated Faculty

Vemon L. Allen

Prolessor

Psychology

B. Dean Bowles

Professoc

Educational Administratinn
Thomas P. Carpentesr
Assistant Professor
Curticulum and Instruction
Matvin J. Fruth

Professoc

_Educational Administration

John G. Haevey
Profexsoc

Mathematics

Cutticulum and Instruction
Frank I1. lHooper
Professoc

Child Development
Herbert J. Kinusmeies
V.A.C. Henmon Professoc
Educational Psychology
Joseph T. Lawton
Assistant Prolessoc
Educational Psychology

Latry R. Goulet
Prolexsor
University of llinois
Chester W. Harris
Prolensor
University of California - Santa Barbara
William G. Katzenmeyes
Professor
ke University
Barbara Thompson
Superintendent of Public Instruction
State of Wisconsin
Joanna williams
Professor
Teachers College
Columbia University

James M. Lipham
Member of the Associated Faculty
R & D Center
Wayne R. Otto
Associate Director
R & D Center
Richard A. Rossmiller
Directoe
R & D Center
Elizabeth J. Simpson
Dean
School of Family Resources
and Consumct Sciences
fen Van Ess
Associate Vice Chancellor
University of Wisconsgin - Madison

Joel R, Levin
Professot
Educational Psychology

L. Joseph Lins

Professor

Institutional Studies
James M. Lipham
Professoc

Educational Administration
Donald N. hclsaac
Piolessor

Educational Administration
Gerald Nadler

Profersor

Industrial Engincering
Wayne R. Otto

Prolessor

Curriculum and [nstruction
Robert G. Petzold
Professor

Music

Cutriculum and Instruction

141

Thomas S. Popkewitz
Assistant Prolessot
Curriculum and Instruction
Thomas A. Romberg
Prolessor

Curriculum and instruction

Richard A. Rossmiller

Professoc
Educational Admini jon
Dennis W. Spuck

Assigtant Professor
Educational Administeation
Michoel J. Subkoviak
Assistant Professor
Educational Psychology
Richard L. Venezky
Proflessor

Computer Sciences

J. Fred Weaver

Professor

Cutriculum and Instruction
Latry M. Wilder -
Assistant Prolessoc

Child Development



